Graph Rewrite Systems for Program Optimization by Aßmann, Uwe
HAL Id: inria-00073743
https://hal.inria.fr/inria-00073743
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Graph Rewrite Systems for Program Optimization
Uwe Aßmann
To cite this version:










ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE











hUVaiiM _ Tj]@ _ @BQ > @ _ Q > @kIMlCOmOnOnoDFf"WNPWXTpBmOmOq5DFrOm!isVaNO@BX
tvuYwSxzyz{|OxP} => JRX~isVai@ _ j]@BA3MPIX,T _ VaT@BX > MN _ Vai > _ @S _ JKT@.XZ7XT@BAX~QSVOI[@.WsX@BjTM!Xi@BQSJKZVOIjNO@BI]@ _ VaT@
i _ MON _ VOA
MOiT,JRAJKBVaT,JKMPIXBM _ T@ _ AJRIVaT,JKMPIMOT > @XZ7XT@BAX+@j]@SO@BLKMOiX,MPA3@I@S _ WsLK@[sVOX@BjQ _ JKT@ _ JRV7
j]@IJRI]N,O;O¡ ¢£¤P¥¦§s¨¥S©¥ ª«¬zªB­¯®°@±VOLRXM²j]@³I@´¡¥bO¡  µ+¶*O¡ ¸·O¹MO5N _ Vai > _ @S _ JKT@«XZ7XT@BAX
 > JRQ > VOW]TMPAVaT,JRQSVOLRLKZºX@BLK@BQT,X3X,JRI]NPLK@HIM _ AVOL~»M _ AX5»M _ AVOIlZ±I]MPI7ªj]@ST@ _ AJRIJRXT,JRQvXZ7XT@BAXS = M¼JRLRLRWXT _ VaT@
T > @½T@BQ > I]MPLKMONOZv~@¾Xi@BQSJKZ3isV _ T,X+MOYT > @¾LRVaSZQM7j]@¾A3MOT,JKMPIMOiT,JRAJKBVaT,JKMPI¿]M _ T > @ _ @BX,WsLKT,JRI]N!N _ Vai > _ @S _ JKT@
XZ7XT@BAÀQSLRVOX,X@BX!VWIJKM _ A@SaVOLRWVaT,JKMPIÁVOLKNOM _ JKT > AÂJRX5NPJKO@BI¼c½I«T > @[³VOX,JRXMOÃT > JRX5A@ST > M7j¼T > @MOiT,JRAJKS@ _
NO@BI]@ _ VaTM _ c ^ =ÃÄ¦ÅÄ¦Æ¯> VOX![@S@BIÁj]@SO@BLKMOi@Bj Ä TJRXMPI]@vMOUT > @v _ XT5TMMPLRX3 > JRQ > QSVOIº[@vWX@Bj±TM¼Xi@BQSJKZ
VOIVOLKZ7X,JRX+VOIj3T _ VOIXM _ AVaT,JKMPIWIJKM _ ALKZ5VOIj3+@Ui _ @BX@BIlT+QMPA3isJRLRVaT,JKMPIT,JRA3@ _ @BX,WLKT,XMONO@BI]@ _ VaT@BjMOiT,JRAJKS@ _
QMPAiMPI@BIlT,XS
Ç9ÈlÉÊ,Ë!Ì³yzÍYwP} egMPA3isJRLK@ _ NO@BI]@ _ VaTM _ si _ MON _ VOAMOiT,JRAJKBVaT,JKMPIXi@BQSJÎ³QSVaT,JKMPIXT _ VaT,JÎ³QSVaT,JKMPIO@ _ Z > JKN > ªLK@SO@BL











A YÞè"  úYô¡ô¸ðë(ìzìBYäçì£î¸äãëC  õÎî
 3D£î¡ßð²ýþß @4)6ÃßìFEGþìäHèbîôäåéñ½ß*õJI ë(î¸áãô¸î¡à£êzè)OÝì£ôé¡äåéàzéüõ&Kàzî ?sî¡ßóîë*ðÃð-àzìaâLë,éèbìaôéî¡àzæSéà£î¡èbìF
MYäçìaòÕèbìONP?sî¸äçèô¡ô¸ìzäåé(NøBéî
 9>	Q6CRSTUI ë(î¸áãô¸î¡à£êzè)Vþè¦î¡ðë(ìSñWëô¡ô¸ðë*ì£ìBYäçìõKßî¡ðë,é¡äçæX  àzìzäY æë*î¸áÎô¸î¡àzê£è)  âè
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
Téléphone : (33 1) 39 63 55 11 – Télécopie : (33 1) 39 63 53 30
'  ¯ b	 
 %.!¯  ª "'(*³+, "-
 U%"  
ÈwÈ} e+@ST5V _ T,JRQSLK@@7isLRJR\;W]@QMPAA3@BITLK@BX'XZ7XT ?@BA3@BX'j]@ _ G@G@BQ _ JKT,W _ @j]@N _ Vai > @3i@BW]O@BIT@ST _ @W]T,JRLRJRXG@BX
iMPW _ XigG@BQSJÎ³@ _ @STNþG@BI+G@ _ @ _ j]@BX¾MOisT,JRAJRX,VaT,JKMPIXj]@3i _ MON _ VOAA3@BXB ^ MPW _ LRVHT@ _ AJRIVOJRX,MPI¼j]@BXXZ7XT ?@BA3@BXBYI]MPWX
VOMPIXj+G@SO@BLKMOisi+G@±j]@¼IMPW]O@BVOW¨Q _ JKT ?@ _ @BXX*W _ LK@BX _ ?@SNPLK@BXS@BIj~G@³IJRX,X*VOIlT9j@BX¬zB­3l«¥ ! B¶B¥ ¡;¥"l
¤P¥¦§s7*a;O¡  #((%$"MPWX"VOMPIXoG@SNPVOLK@BA@BIlT½j+G@³IJYLRVo¡¥¦O¡  µ~¶(O¡ ·P¹oj]@BXUXZ7XT ?@BA3@BX"j]@ _ G@G@BQ _ JKT,W _ @!j@N _ Vai > @O
\;WJYi@ _ A3@STUj]@5Q > MPJRX*J _ VOW]TMPAVaT,JR\;W]@BA3@BIT"WsI]@'WIsJR\W]@'»M _ A3@'IM _ AVOLK@'iMPW _ j]@5I]MPA5[ _ @BWHXZ7XT ?@BA3@BX½I]MPI7
j+G@ST@ _ AJRIJRXT@BXS
^ MPW _ JRLRLRWXT _ @ _ Q@STT@«T@BQ > IJR\;W]@OI]MPWsXoXi+G@BQSJÎsMPIXH\;W]@BLR\;W]@BXG@ST,Vai@BX9jWi _ MO[sL ?@BA3@°j	& MOiT,JRAJRX,VaT,JKMPIjW
j+G@SisLRVOQ@BA@BIlTj]@QM;j@isV _ @BX*X@BW'$UMPWX5j]MPIIMPIXiMPW _ LK@BX5QSLRVOX,X@BX _ G@BX,WsLKT,VOIlT@BXWI VOLKNOM _ JKT > A@WIsJK»M _ A@
j	&¦G@SaVOLRWVaT,JKMPI)(¿@3NþG@BI+G@ _ VaT@BW _ j*& MOiT,JRAJRX@BW _ Xc ^ =Ä¦ÅÄÕÆ VG@STG@j+G@SO@BLKMOisi+G@X,W _ LRVo[sVOX@3j@Q@STT@A´G@ST > M;j]@O
e+& @BX,TYL,&åWIj@BX¿i _ @BAJK@ _ XMPW]T,JRLRXþ\WsJaT _ VOJKT@+WsIJK»M _ A±G@BA3@BITj]@BXüVOIVOLKZ7X@BXY@ST¿T _ VOIX,»M _ AVaT,JKMPIXS-$UMPWXüi _ G@BX@BITMPIX
\;W]@BLR\;W]@BX _ G@BX,WsLKT,VaT,XUj]@T@BAisXÃj]@QMPAisJRLRVaT,JKMPI9j]@BXUQMPA3iMPX,VOIT,Xj	& MOiT,JRAJRX@BW _ XÃVOJRIX*JNYG@BI~G@ _ G@BXS
.ÌxzwÊ*|0/1È$} E9G@BI+G@ _ VaT@BW _ j]@3QMPAisJRLRVaT@BW _ XBMOiT,JRAJRX,VaT,JKMPI«j]@!i _ MON _ VOAA3@BXSXigG@BQSJÎ³QSVaT,JKMPI¿þXT _ VaT,JÎ³QSVaT,JKMPI
LRVOI]NPVaNO@BX.j]@ > VOW]TIJKO@BVOWi _ MON _ VOAAVaT,JKMPIv;JRX*W]@BLRLK@
  ¥b§US©¥ »ª³¬ªS­'¿·P¥Ã¥b·*¤P¥¦O­	Y§³¡ ­! 
O¡ ¸·O¹ r
  -.  þ, .-
® _ JKT,JRIN«VOI´MOiT,JRAJKS@ _ M _ Vi _ MON _ VOAAJRINLRVOI]NPWVaNO@HJRXVOIº@ _,_ M _ i _ MPI]@VOIsj´T@BjJKMPWX!T,VOX Ä I´M _ j]@ _ TM
X > M _ T@BI²j]@SO@BLKMOi³A3@BITT,JRA3@O+TM«¸VOQSJRLRJKT,VaT@£VOLRJRjsVaT,JKMPIVOIjºTM±JRA3i _ MO@9AVOJRIlT,VOJRIVa[³JRLRJKTªZOUV¼A@ST > M7j]MPLKMONOZ
M _ Xi@BQSJÎ³QSVaT,JKMPI²VOIsj NO@BI@ _ VaT,JKMPIºMO.MOiT,JRAJKS@ _ XJRX > JKN > LKZ j@BX,J _ Va[sLK@OUMz~@SO@ _ gWsIlT,JRLÃI]Mz Xi@BQSJÎ³QSVaT,JKMPI
A@ST > M;jsX > VOIjLK@BjMPIsLKZ!X*W][T,VOX7XMOi _ MON _ VOA MOiT,JRAJKBVaT,JKMPI¿M _ T > @SZ!LK@BjTMMOiT,JRAJKS@ _ X > JRQ > @7@BQSW]T@BjTMM
X,LKMzULKZOlM _ T > @SZ+@ _ @ÃQSLKMPX@Bj3XZ7XT@BAXY > JRQ > ~@ _ @+T,JK@Bj!TMV½Xi@BQSJÎ³Q+@BI;J _ MPIA3@BITYM _ JRIT@ _ A@BjJRVaT@ÃLRVOI]NPWVaNO@O
=U> JRXisVai@ _ j]@BAMPIXT _ VaT@BX > Mz N _ Vai > _ @S _ JKT,JRIN±QSVOI[@WX@Bj$»M _ Xi@BQSJÎ³QSVaT,JKMPI¨VOIjNO@BI]@ _ VaT,JKMPI¨MO
i _ MON _ VOAMOiT,JRAJKBVaT,JKMPI => @Q@BIT _ VOL+JRj]@BVoMOÃMPW _ A3@ST > M7j°JRXTM _ @SNPV _ j±VOLRLJRI]M _ AVaT,JKMPI¼JRI«VOI«MOiT,JRAJKS@ _
VOX½VX@ST½MO N _ Vai > XB ^ _ MON _ VOA MO[]`¦@BQT,XBJRIT@ _ A@BjJRVaT@5QM7j]@!JRIXT _ WsQT,JKMPIXSVOIji _ @BjJRQSVaT@BX.MO@ _ T > @'@BIT,JKT,JK@BX
MOÃT > @i _ MON _ VOAV _ @vVOLRL _ @Si _ @BX@BIT@Bj«@BJKT > @ _ VOX5I]M7j]@BXM _ @Bj]NO@BX!JRI«T > @BX@N _ Vai > XS ^ _ MON _ VOA VOIsVOLKZ;X,JRX!VOIj
T _ VOIsX»M _ AVaT,JKMPI²V _ @Hi@ _ »M _ A3@Bj´[;Z±N _ Vai > _ @S _ JKT,JRI]N] = Z;isJRQSVOLRLKZOUVOIVOLKZ;BJRI]N i _ MON _ VOAX3A3@BVOIX3@BILRV _ NPJRI]N
N _ Vai > X½UJKT > I]@S@BjNO@BX > JRQ > _ @Si _ @BX,@BIlT¾T > @3JRI»M _ AVaT,JKMPI > JRLK@3QM7j]@T _ VOIsX»M _ AVaT,JKMPI°A3@BVOIsX _ @S _ JKT,JRI]N
N _ Vai > X[;Z3j]@BLK@ST,JRI]N!VOIjVaTT,VOQ > JRI]NX,W[N _ Vai > XB => WXT > @UMOiT,JRAJKBVaT,JKMPIi _ M7Q@BX,X~JRX+jJK7JRj]@BjJRITM!V'X@B\;W]@BIQ@
MON _ Vai > _ @S _ JKT@UX,Z;XT@BA VaiisLRJRQSVaT,JKMPIXS7XT,V _ T,JRIN _ MPAT > @JRIT@ _ A3@BjsJRVaT@ _ @Si _ @BX,@BIlT,VaT,JKMPINPJKO@BI[;Z5T > @ _ MPIlTb
@BIj¿;VOIj _ @BX,WLKT,JRIN'JRIVOIJRIT@ _ A3@BjJRVaT@.N _ Vai >  > JRQ > JRX > VOIj]@Bj3MO@ _ TMT > @U[sVOQl@BIjM _ QM7j]@UNO@BI@ _ VaT,JKMPI
"M+@SO@ _ ³ > @BIT _ Z7JRI]N!TM!X,i@BQSJKZi _ MON _ VOA MOiT,JRAJKBVaT,JKMPIoUJKT > N _ Vai > _ @S _ JKT@XZ;X,T@BAXS;~@¾AVBZ@BVOX*JRLKZ
Xi@BQSJKZ9XZ7XT@BAX"T > VaT¾I]@BJKT > @ _ T@ _ AJRIVaT@!I]M _ Z7JK@BLRj°WIJR\;W]@5I]M _ AVOLü»M _ AXS => WsXUMPW _ isVai@ _ j]@³I]@BX½XMPA@
I]@S _ WsLK@[sVOX@Bj$T@ _ AJRIVaT,JKMPIQ _ JKT@ _ JRV7'ªS¥­! »¹³O¡ ·P¹S¬Á z¤l°1O »¡ ¸·O¹ºVOIsjªB¥(­! ¹sO¡ ¸·O¹B¬¼B¡¥¦l¶B¡ ¸·O¹]
=> @SZ _ @BX,WLKTÃJRIT > @½QSLRVOX,XÃMO+*a;Pl¡ »¢a½¤O¥b§o¥bB©¥( ª¬zªB­W _ T > @ _ A3M _ @O+@¾j]@SO@BLKMOi¡¥bO¡  µ~¶*O¡ ¸·O¹MO
N _ Vai > _ @S _ JKT@gXZ;X,T@BAXS£ > JRQ > VOWTMPAVaT,JRQSVOLRLKZ'X,@BLK@BQT,X V¡¥¦P¡  µ+ 5¹s·O¥­!#·O¥­$»M _ AVOIZ¾I]MPI7ªj]@ST@ _ AJRIJRXT,JRQ
XZ7XT@BAXS => JRX"T@BQ > IJR\;W]@3JRX½@BXi@BQSJRVOLRLKZ°JRA3iM _ T,VOIT"M _ T > @3Xi@BQSJÎ³QSVaT,JKMPI¼MOi _ MON _ VOA MOiT,JRAJKBVaT,JKMPI° > JRQ >
_ @B\;WJ _ @BX I]@SNPVaT,JKMPI¿lj]@BLK@ST,JKMPIVOIj!VOjjJKT,JKMPI5MOsV _ [sJKT _ V _ ZX*W][N _ Vai > XS => JRXüMOT@BI _ @BX,WLKT,X JRI5I]MPI7ªj]@ST@ _ AJRIJRXT,JRQ
XZ7XT@BAXUj]@BLRJKO@ _ JRINI]MPI]@;i@BQT@Bj _ @BX,WLKT,XSUd;T _ VaT,JÎ³QSVaT,JKMPIX@BLK@BQT,X½I]M _ AVOL¿»M _ AXÃ > JRQ > V _ @ _ VaT > @ _ IVaT,W _ VOL
[@BQSVOWX@T > @X@BLK@BQT@Bjj]@ _ JKaVaT,JKMPIX _ @ST,VOJRIX,W][N _ Vai > X+ > JRQ > V _ @¾MOT > @ _ UJRX@j]@BLK@ST@Bj¿
f i _ VOQT,JRQSVOL~A@ST > M7j°»M _ NO@BI]@ _ VaT,JRIN9MOiT,JRAJKS@ _ QMPAiMPI@BIlT,XUJRLRL[@¾`Wj]NO@Bj¼MPI«T > _ @S@Q _ JKT@ _ JRV79 J _ XT
JKToA!WXT[@Va[sLK@TM´@;i _ @BX,XvV«[ _ MPVOj _ VOI]NO@MOi _ MON _ VOA VOIVOLKZ7X,JRXvVOIjT _ VOIX,»M _ AVaT,JKMPI²i _ MO[sLK@BAXB®°@
j]@BAMPIXT _ VaT@T > JRXv[;ZXi@BQSJK»Z7JRI]NÁX@SO@ _ VOL½isV _ T,XvMO'T > @K
S¬$¶*· l«­·O¡ ¸·O¹²VOIVOLKZ7X,JRXHVOIsjT _ VOIXM _ AVaT,JKMPI
  h½d]m5d7@BQMPIjT > @!NO@BI]@ _ VaT@Bj¼VOLKNOM _ JKT > AX¾A!WXT _ WI@! QSJK@BIT,LKZ°XMvT > VaT½T > @QMPA3iMPI]@BIT,X.QSVOI¼[@!WX@Bj
JRIvi _ VOQT,JRQSVOLMOiT,JRAJKS@ _ XS => WX+~@ > VO@j]@SO@BLKMOi@BjoVWIJKM _ A@SaVOLRWVaT,JKMPI9VOLKNOM _ JKT > A »M _ T > @¾NPJKO@BI _ @S _ JKT@
XZ7XT@BAXS > JRQ > +M _ 7X@! QSJK@BIT,LKZÁMPI²jJ _ @BQT@Bj²XisV _ X@oN _ Vai > X3VOIj´MOT@BI _ @BX,WLKT,X3JRIºLRJRI@BV _ M _ \;WVOj _ VaT,JRQ
VOLKNOM _ JKT > AXS => J _ j!T > @UXi@BQSJÎ³QSVaT,JKMPIA3@ST > M7jA!WXT [@#"s@7JK[³LK@VOIji _ Mz;JRj@VOI3MOi@BIXZ7XT@BAH c½W _ A@ST > M7j
QSVOI > VOIsjLK@5V _ [sJKT _ V _ Z9X,MPW _ Q@!VOIjJRIlT@ _ A@BjJRVaT@LRVOI]NPWVaNO@BX¾[@BQSVOWX,@'T > @!X > Vai@5MO T > @!N _ Vai > X"JRX¾Xi@BQSJÎs@Bj
JRI¼VojsVaT,VHA3M7j]@BL¸ => @MOiT,JRAJKS@ _ QMPA3iMPI]@BIT,XQSVOI°[@!NO@BI]@ _ VaT@Bj«JRI«XT,VOIjV _ ji _ MON _ VOAAJRI]NLRVOINPWVaNO@BXS
VOIj9AVBZ@BVOX,JRLKZo[@¾JRIlT@SN _ VaT@Bj9UJKT > @7JRXT,JRIN _ MPIlTb@BIsjXÃM _ [sVOQl@BIsjXS
=U> @3XT _ WQT,W _ @!MO~T > @i³Vai@ _ JRXVOX»MPLRLKMzUXS3 J _ XT¾+@3j]@BA3MPIsXT _ VaT@T > @3WX,@5MO+N _ Vai > _ @S _ JKT@3XZ7XT@BAX
[;Z²V±X > M _ T@7VOAisLK@OT > @QMPLRLK@BQT,JKMPIMO'JRIlT@ _ A@BjJRVaT@QM;j]@@7i _ @BX,X,JKMPIsXS =U> JRXvQSVOI$[@j]@BX,Q _ JK[@Bj$[Z²V
O@ _ Z±X,JRA3i³LK@N _ Vai > _ @S _ JKT@oXZ;X,T@BAH VOIj±+@NPJKO@HVOI´JRj]@BVMO" > JRQ > QM7j]@vQSVOI´[@NO@BI]@ _ VaT@Bj´TM°@7@BQSW]T@
JKTSÁd;@BQT,JKMPIºCj]@³I]@BX5MPW _ I]MOT,JKMPIÁMOUN _ Vai > _ @S _ JKT,JRI]NVOIsj @ > VOWX,T,JKO@oN _ Vai > _ @S _ JKT@oXZ7XT@BAXS d;@BQT,JKMPI
rj]@³I@BX'T > @XT _ VaT,JÎ³QSVaT,JKMPIÁMOUN _ Vai > _ @S _ JKT@vXZ7XT@BAXS => @BI +@vi _ @BX@BIT!JRA3iM _ T,VOIT'isV _ T,X'MOUT > @oLRVaSZ
QM7j]@AMOT,JKMPI¼MOiT,JRAJKBVaT,JKMPI JRIQSLRWjsJRI]N9XZ7IlT,VOQT,JRQ@B\;WJK£VOLK@BIsQ@MOJRIT@ _ A3@BjsJRVaT@@7i _ @BX,X,JKMPIsX%$¸X@BQT,JKMPI&]çC(',
NPLKMO[sVOLgjVaT,V)"sMzVOIVOLKZ7X,JRX*$¸X@BQT,JKMPI&]çr(',VOIj«T > @T _ VOIXM _ AVaT,JKMPI«i > VOX@+$¸X@BQT,JKMPI],-',d7@BQT,JKMPI´nj]@BVOLRX
UJKT > T > @WsIJK»M _ A @S£VOLRWsVaT,JKMPI±VOLKNOM _ JKT > AH XT,VaT@BX5JKT,X'QMPXT'»M _ MPW _ @]VOA3i³LK@BXSYVOIj«NPJKO@BX!VHX > M _ TMO@ _ 7JK@S
MO MOT > @ _ @SaVOLRWVaT,JKMPI°A3@ST > M;jXBd7@BQT,JKMPIqj]@BX,Q _ JK[@BXUi _ VOQT,JRQSVOLþ@7i@ _ JK@BIQ@BXU"JKT > MPW _ A3@ST > M;j Ä I9M _ j]@ _ TM
j]@BAMPIXT _ VaT@!JKT,X½aVOLRJRjJKTªZT > @!MOiT,JRAJKS@ _ NO@BI]@ _ VaTM _ c.0/21435146 > VOX.[@S@BIj]@SO@BLKMOi@Bj Ä T¾JRX½MPI]@5MOT > @5 _ X,T
TM;MPLRXg > JRQ > QSVOI[@"WsX@BjTMXi@BQSJKZ3i _ MON _ VOAkVOIVOLKZ7X,JRXO¹ .T _ VOIXM _ AVaT,JKMPI¿ Ä T > VOX+[@S@BIWX@BjTM5NO@BI]@ _ VaT@
X@SO@ _ VOLUi _ MOTMOTªZ;isJRQSVOL.MOiT,JRAJKS@ _ isV _ T,XJRIºT > @QMPA3isJRLK@ _  _ VOA@S~M _ Áe+Md7Z7$98~Xi _ JKTi _ Ma`b@BQTvec Å ^ f.h:8;'
 f.fUd]mgVOIj´+@Hi _ @BX,@BIlT3XMPA@sNPW _ @BXQMPIQ@ _ IJRI]N°T > @BJ _ @! QSJK@BIQZOº®°@9QMPIQSLRWsj]@oT > @oisVai@ _ UJKT > V
























	 "!#	$%egMPLRLK@BQT,JKMPI9MO @7i _ @BX,X,JKMPIsXÃ _ MPA T > @XT,VaT@BA@BIlT.LRJRXT,X
&(')+*-,/. 01/2435241768:9<;4=?>@/AB/CED3GFH8JIK9<17;4=L/M7AB(NPO/Q RJS(TPSUO/Q"VWJX/@UO
Y *-,J)+*-,. 03[Z]\K3GFH8JI^9<17;`_/M7MaVWJX/@UO
b <dcegf:hji#k[lUmnilJo<o%pPq(r[iGsJmutpJv >@/AB7wgL/M7AB(NPwRJS(TPSUwxVWJX/@ < by{zg|J}g~~+\^1/5z^Jy{zg|J}g~u~-C ?F<1/#/=zy{zg|J}g~~+=-C /IK6IK=z{/y{z |a}g~~3=aC +P4\K=znUb <diG4i^jvnpPf:e" B< b-C F<FHU4\^=37 
 JKNPW _ @'CE~f"IHVOLKNOM _ JKT > A X,MPLK;JRI]N¡
	/gx!^	$
¢5£(¢ ¤¦¥§+¨[©«ª§+¨(¥¬
=> JRX X@BQT,JKMPI3i _ @BX@BIT,XV¾X > M _ T@7VOAisLK@O ®°@UXi@BQSJK»Z!V¾N _ Vai > _ @S _ JKT@X,Z;XT@BA T > VaTVaTT,VOQ > @BX~VOLRL@;i _ @BX,X,JKMPIX
JRI´T > @HX,T,VaT@BA3@BIT3LRJRXTMO.Vi _ M;Q@BjsW _ @TM°T > @oi _ M7Q@BjW _ @MO[]`b@BQTS => @oX,JRA3i³LK@N _ Vai > _ @S _ JKT@HXZ7XT@BA JRI
 JKNPW _ @°pvQMPIX,JRX,T,X!MPILKZ«MO"MPI]@ _ WLK@%¡
	 "!#	$"x­; => @sNPW _ @QMPIT,VOJRIXT > @ _ WsLK@JRI´TÕ~M
M _ AXB = MT > @vLK@ST5T > @vM _ JKNPJRIVOL _ @S _ JKT@ _ WLK@vJRX!j _ VUI Ä UV _ WLK@MPILKZ±VOjjX'@Bj]NO@BXS +@QSVOIÁVOLRX,MWsX@V
X > M _ T > VOIj»M _ AHl > JRQ > j _ VUX~T > @ _ WLK@.JRIaV _ JRVOIlTgisV _ T~MPILKZMPIQ@O]VOIjT > @.VOjsj]@Bj@BjNO@BX+V _ @½jsVOX > @Bj => JRX
X,JRAisLRJÎs@BXgT > @'Xi@BQSJÎ³QSVaT,JKMPIXS
®°@¾VOX,X*WA3@T > VaT~T > @½JRIT@ _ A3@BjJRVaT@ _ @Si _ @BX@BIlT,VaT,JKMPIi _ M7JRj]@BX+T > @UMO[]`b@BQT+TªZ;i@BX¯®E°?±²;³´+±² µ?¶+·¸?·VOIj
¹º» °³VOX+~@BLRLVOX~T > @½jJ _ @BQT@Bj _ @BLRVaT,JKMPIX¼³´+±² µ½;?¶+·+¸¾·½;lVOIj ¹º» °½;¼
	/gx!^	$4x­½VaTT,VOQ > @BX
VOLRLY@;i _ @BX,X,JKMPIX"MOVOLRLþXT,VaT@BA3@BIT,X.JRIVi _ M7Q@BjW _ @'JRIlTMvVjsJ _ @BQT@Bj _ @BLRVaT,JKMPIÀ¿´E´ ¹º» °½+JK VOI9@BjNO@Á³´+±²-µ½
@]JRXT,X[@STª+@S@BIºVi _ M;Q@BjW _ @Â®E°¾±¾²VOIj´V[sLKM;QÃ³´±¾²-µ³~VOIj±T > @ _ @HJRXVOIÁ@Bj]NO@Ä¶+·¸?·½H _ MPAÅ³´±² µ¼TM¼V
XT,VaT@BA@BIlT]¶%·¸¾·³þVOIj°T > @ _ @JRXVOI¼@BjNO@ ¹º» °9 _ MPAÆ¶+·¸?·TMVOI¼@7i _ @BX*X,JKMPI ¹º» °sYT > @BI°T > @ _ @UJRLRL[@3VOI
@Bj]NO@Ç¿´´ ¹º» °½! _ MPAÈ®°¾±²TM ¹º» °³ =U> WX"T > @5MPILKZVOQT,JKMPI > JRQ > 
	/ "!^	$¾i@ _ »M _ AXUJRX
TMVOjsjo@Bj]NO@BXMOLRVa[@BL«¿´´ ¹º» °½TMT > @ > MPXTUN _ Vai > 
c¾W _ VOJRAÂJRXTMNO@BI]@ _ VaT@MOiT,JRAJKS@ _ XVOIj«MOiT,JRAJKS@ _ isV _ T,X'VOW]TMPAVaT,JRQSVOLRLKZ  _ MPA Xi@BQSJÎ³QSVaT,JKMPIXS =U> WXB
NPJKO@BIoT > JRXgN _ Vai > _ @S _ JKT@¾XZ7XT@BA9;V5i _ VOQT,JRQSVOL¿MOiT,JRAJKS@ _ NO@BI]@ _ VaTM _ X > MPWLRjNO@BI]@ _ VaT@VOIv@7@BQSW]T,Va[sLK@¾i _ M;Q@
jW _ @TM[@@BA5[@Bjj]@BjJRITM'V'QMPA3isJRLK@ _ c. /2143 146´JRXX,WQ > V¾TM;MPL¸]VOIj3 JKNPW _ @½CQMPIT,VOJRIX~T > @ULRVBZOMPWT~MOT > @
QM7j]@JKT'NO@BI]@ _ VaT@BX5M _ 
	/ "!^	$O]M _ MPW _ @]VOA3isLK@~@VOX,X,WA@T > VaTT > @3NPJKO@BI _ @BLRVaT,JKMPIX
V _ @ _ @Si _ @BX@BIT@BjvVOXÃX@ST,XÃMOYI@BJKN > [M _ X@ST,XÃJRIvMO[]`b@BQT,X $¸jJ _ @BQT@BjvN _ Vai > X+UJKT > @BA5[@Bjj]@BjI]@BJKN > [M _ X@ST,X!',~f"X
VOLRLsMO[]`¦@BQT,XB > JRQ > AVBZ![@AVaT,Q > @Bj3[;ZÂ
	/gx!^	$4x­;PA!WXT[@ _ @BVOQ > Va[sLK@" _ MPAkV¾i _ M7Q@BjW _ @
7JRVHT > @j]@SisJRQT@Bj _ @BLRVaT,JKMPIXS +@X,JRAisLKZNO@BI@ _ VaT@X,@SO@ _ VOLLKM;MOisX'MO@ _ T > @ _ @BLK@SaVOIT'I]@BJKN > [M _ X@ST,XS Ä I¼MPW _
QSVOX@T > @ _ WLK@!T@BXT¾QMPIjJKT,JKMPI¼JRX½O@ _ ZX,JRA3i³LK@% > @BI]@SO@ _ +@ > VBO@@BI;WA@ _ VaT@BjVoX,WJKT,Va[sLK@!i@ _ A!W]T,VaT,JKMPIMO
I]M7j]@BX $¸V¼¥ , ',Y~@j _ VB VOI¼@Bj]NO@[@STª+@S@BI¼T > @QSW _,_ @BIlT®E°?±²zªI]M;j@5VOIjT > @3QSW _,_ @BIT ¹º» °PªI]M7j]@O Ä +~@
LKM;M°VaTT > @ _ @BX,WsLKT,JRI]NHVOLKNOM _ JKT > A X,W]i@ _ ³QSJRVOLRLKZOüJKT > VOXQMPXTÊÉ5$Ë ®°¾±¾²Ë{Ë ³´+±² µ½Ë{Ë<¶%·¸?·5Ë{Ë ¹º» °«Ë ',UMz~@SO@ _ þJRI
AMPXTÃJRIlT@ _ A@BjJRVaT@ _ @Si _ @BX@BIT,VaT,JKMPIXÃT > @A@BIlT,JKMPI]@Bj _ @BLRVaT,JKMPIXÃM _ A V!T _ @S@ªLRJO@5XT _ WQT,W _ @½ > JRQ > i³V _ T,JKT,JKMPIX



















 JKNPW _ @9rEo®°@ _ @SNPV _ j´T > @oMOiT,JRAJKBVaT,JKMPIÁi _ M7Q@BX,X3VOXV°X,@B\W]@BIsQ@oMO"N _ Vai > _ @S _ JKT@HXZ7XT@BA VaisisLRJRQSVaT,JKMPIXS
=> JRQ v[M 7@BXV _ @i > VOX@BXÃ > JRQ > V _ @NO@BI@ _ VaT@BjH _ MPA Xi@BQSJÎ³QSVaT,JKMPIsXS
¢5£   ©%©¨	 ¥
§¾§¥
® > @BI~@½Xi@BQSJKZi _ MON _ VOAVOIVOLKZ7X,JRXÃVOIjT _ VOIXM _ AVaT,JKMPIUJKT > N _ Vai > _ @S _ JKT,JRIN+@½VaTT,VOJRIvV5WIJKM _ Ak;JK@S
MOT > @ÃJRIlT@ _ A3@BjJRVaT@LRVOI]NPWsVaNO@UVOIj!T > @VOIVOLKZ7X,JRX JRI»M _ AVaT,JKMPIü@SO@ _ ZT > JRINJRX _ @Si _ @BX@BIT@Bj3VOX N _ Vai > XSPVOIjVOLRL
VOQT,JKMPIX¾V _ @'j]MPI]@'[ZoN _ Vai > _ @S _ JKT,JRI]N] Å M _ @SMzO@ _ ~@5QSVOIXisLRJKT"VOIsj9QMPVOLK@BX,Q@3Xi@BQSJÎ³QSVaT,JKMPIsX"@BVOX*JRLKZO > JRQ >
@BIVa[³LK@BX'AM;jWsLRV _ QMPA3iMPX,JKT,JKMPI MOgi _ MON _ VOA MOiT,JRAJKBVaT,JKMPIsXS UMz~@SO@ _   > @BI«~@JRIQ _ @BVOX@T > @I;WA5[@ _ MO
_ WsLK@BXS ~@vAVZ°@BVOX,JRLKZ«Xi@BQSJKZ¼I]MPI7T@ _ AJRIVaT,JRI]NHM _ I]MPI7ªj@ST@ _ AJRIJRX,T,JRQ3XZ7XT@BAXS => WsXJKT!JRX[@STT@ _ TMjJÎ
7JRj]@.T > @"MOisT,JRAJKBVaT,JKMPIvi _ M7Q@BX,X+JRIlTMV5X@B\;W]@BIQ@.MO¿N _ Vai > _ @S _ JKT@½XZ7XT@BA VaiisLRJRQSVaT,JKMPIXg > JRQ > V _ @½X@SisV _ VaT@
VOIj«T > WsXX,AVOLRLK@ _ $¸þJKNPW _ @r(',8VOQ > MOgT > @BX@N _ Vai > _ @S _ JKT@XZ7XT@BAXNO@BI]@ _ VaT@BX5Voi _ M7Q@BjW _ @3JRI«T > @JRA3
isLK@BA@BIlT,VaT,JKMPI«LRVOI]NPWVaNO@3MO+T > @3QMPA3i³JRLK@ _ ¿VOIjT > JRX½i _ M;Q@BjW _ @JRX¾QSVOLRLK@Bj¼ _ MPA T > @3AVOJRIQMPAisJRLK@ _¾_ MPW]T,JRI]@
Vaii _ MOi _ JRVaT@BLKZO =U> @½MOiT,JRAJKBVaT,JKMPI9i _ M7Q@BX,XÃXT,V _ T,XgUJKT > V!N _ Vai > NPJKO@BIo[;ZT > @½ _ MPITb@BIj] > JRQ > JRXgT > @Va[sXb
T _ VOQT¾XZ7IT,VT _ @S@5M _ T > @5JRIT@ _ A@BjJRVaT@QM;j]@!X@B\;W]@BIQ@O½ J _ XT.i _ MON _ VOA VOIVOLKZ7X,JRX½JRX.i@ _ »M _ A@Bj = Zi³JRQSVOLRLKZ
T > JRXUJRXÃjJK;JRj@BjoJRIlTM3X@SO@ _ VOLN _ Vai > _ @S _ JKT@XZ;X,T@BAXS]VOA3MPIN' > JRQ > V _ @¾MPI]@¾M _ X,@SO@ _ VOL¿jVaT,V£4"sMz VOIVOLKZ7X@BXS
=> @BIT > @T _ VOIXM _ AJRINN _ Vai > _ @S _ JKT@3XZ7XT@BAX½QSVOI[@5VaisisLRJK@Bj'f"T@ _ XMPA3@!JKT@ _ VaT,JKMPIXMO~VOIVOLKZ7X@BXVOIj
T _ VOIsX»M _ AVaT,JKMPIXÃT > @A3M7jJÎs@BjoQM7j]@JRX > VOIsj]@BjvMO@ _ TM3T > @¾[sVOQl@BIsj
=U> @VOj]aVOIlT,VaNO@BX"MO T > JRXX,Q > @BA3@'V _ @T > @MPLRLKM"JRI]N]+ J _ X,TSsV3X,WJKT,Va[³LK@XisLRJKTUJRITMX*AVOLRLK@ _ N _ Vai > _ @S _ JKT@
XZ7XT@BAX"JRXMPLRVaT@BXI]MPI7ªQMPI-"³W@BIQ@@@BQT,X¾VOIjzM _½_ @BXMPLKO@BX¾IMPI7T@ _ AJRIsVaT,JKMPI½d;@BQMPIsj³M _ X,AVOLRLK@ _ XZ7XT@BAX
+@HQSVOI´MO»T@BI´NO@BI@ _ VaT@9LRJRI]@BV _ M _ \;WVOj _ VaT,JRQvVOLKNOM _ JKT > AX![@BQSVOWX@oX,AVOLRLK@ _5_ @S _ JKT@oXZ7XT@BAX5MOT@BI > VBO@HV
LKMz~@ _ ·O¥ lS¥gT > VOIH[sJKNONO@ _ MPI]@BX $¸X@BQT,JKMPI°n(', => J _ j¿]T > JRXUjJK7JRX,JKMPIo[ _ @BV ;XUT > @MOiT,JRAJKBVaT,JKMPI9T,VOX Hj]MUI9JRIlTM
QMPAiMPI@BIlT+i _ MO[sLK@BAX > JRQ > QSVOIv[@½XMPLKO@BjoJRIj]@Si@BIj]@BIT,LKZO Ä ¿~@¾j]MI]MOT+³IsjV5N _ Vai > _ @S _ JKT@¾XZ;X,T@BA »M _
VvQ@ _ T,VOJRIT,VOXM _ XMPA3@!j]@SO@BLKMOi@BjXZ7XT@BA T,W _ IX"MPW]T.TMv[@5TM;MvX*LKM+@5QSVOI°VOLKgVBZ7XX,W[sXT,JKT,W]T@!JKT½[Z9V
> VOIsj7 _ JKTT@BI¼VOLKNOM _ JKT > AH Ä I°VOIZ@SO@BITS T > JRXJRX¾T > @QSVOX@3M _ T > @3 _ MPITb@BIj¼VOIj¼T > @[sVOQ @BIj T > @SZ°V _ @
JRAisLK@BA3@BIT@BjoVOXUWX*WVOL¸
Ä I°M _ j@ _ TM9AV O@3T > JRXX,Q > @BA3@+M _ þVOLRLXi@BQSJÎs@Bj¼VOIj > VOIj7 _ JKTT@BI«VOLKNOM _ JKT > AX > VBO@TM _ @S@ _ TMV
WIsJK»M _ A jVaT,VA3M7j]@BL;MOT > @UJRIT@ _ A3@BjsJRVaT@ _ @Si _ @BX,@BIlT,VaT,JKMPI =U> @ _ @SM _ @ÃT > @Ã _ XT XT@Si3MOT > @UA@ST > M7jQMPIX,JRXT,X
ûYû ì£ß5S"45<"<
q  þ© ­O¹¹
MOþj]@SO@BLKMOisJRI]NV PO­· l üM _ ¤O¥b§v¶S7S­M _ T > @½JRIlT@ _ A@BjJRVaT@ _ @Si _ @BX,@BIlT,VaT,JKMPI  d]Q > m7p!  d;® mOn®°@
> VO@TMAM;j@BL³T > @»MPLRLKMzUJRI]N¾
pa"T > @TÕZi@BX"MON _ Vai > IM;j]@BXBgf.A3MPIN3T > @BX@5V _ @'JRIT@ _ A3@BjsJRVaT@'QM7j]@'JRIX,T _ WQT,JKMPIX.X,WQ > VOX"@;i _ @BX,X,JKMPIXS
XT,VaT@BA3@BIT,XSLKM;MOisXSÃVOIj²i _ M7Q@BjW _ @BXSf"LRX,M«i _ @S7JKMPWX,LKZÁVOIVOLKZ;S@BjJRI]»M _ AVaT,JKMPI²QSVOI$[@o@BIQM7j]@Bj²JRI
I]M7j]@BXgMO N _ Vai > XS]@O N]s£V _ JRVa[³LK@j]@³IJKT,JKMPIsXSM _ @7i _ @BX,X*JKMPIo@B\WsJK£VOLK@BIQ@5QSLRVOX,X@BXS
C;"T > @TÕZi@BXMOÃN _ Vai > @Bj]NO@BX $ _ @BLRVaT,JKMPIX!',9®°@ > VO@TMA3M7j]@BL VOLRL~i _ @BjJRQSVaT@BX'~@UJRX > TMJRI]@ _ Va[MPW]T
T > @vi _ MON _ VOA9 J¸ @OT > @ _ @BLRVaT,JKMPIX[@STÕ~@S@BI´T > @vMO[]`b@BQT,XMO"T > @oJRIlT@ _ A@BjJRVaT@ _ @Si _ @BX@BIlT,VaT,JKMPI¿´d;MPA@
@7VOAisLK@BXþV _ @ _ @BLRVaT,JKMPIXX,WQ > VOX QSLRVOX,X,JRQSVOL "³MÁj]@Si@BIj]@BIQSJK@BXB£@B\;WJKaVOLK@BIQ@ _ @BLRVaT,JKMPIXSPQSVOLRLRJRIN _ @BLRVaT,JKMPIXS
M _ QMPIT _ MPL "sMz _ @BLRVaT,JKMPIXS f"LRXMÁT > @¼JRI]»M _ AVaT,JKMPI¨T > @° _ MPITb@BIj¨i _ M;jWsQ@BXSU@O N]"@;i _ @BX,X,JKMPIT _ @S@
iMPJRIlT@ _ JRINM _ XT,VaT@BA@BIlTULRJRX,T,XSsA!WXTg[@A3M7j]@BLK@Bj
 @SM _ @Ã+@gj@BA3MPIXT _ VaT@+T > @+iMz~@ _ MOMPW _ Xi@BQSJÎ³QSVaT,JKMPIA3@ST > M7j'UJKT > X@SO@ _ VOL7@]VOA3isLK@BXþ+@j]@³I]@gXMPA@
T > @SM _ Z > JRQ > @BIsX,W _ @BXgT > VaTUT > @NPJKO@BIHN _ Vai > _ @S _ JKT@XZ7XT@BAXg[@ > VO@i _ MOi@ _ LKZO
   *-!+, "-  " (-!%UB "k k	
=> JRX+X,@BQT,JKMPIoj]@³I]@BX~MPW _ I]MOT,JKMPIMO¿N _ Vai > _ @S _ JKT@.X,Z;XT@BA9;X,MPA3@½I]@S$T@ _ AJRIVaT,JKMPIM _ j]@ _ JRI]NPXS7VOIj¡¥bO¡  µ
¶(O¡ ·P¹MON _ Vai > _ @S _ JKT,JRI]N] =U> @ _ @BX,WLKT,JRI]N¾N _ Vai > _ @S _ JKT@ÃXZ7XT@BA QSLRVOX*X@BXQSVOI![@ÃWX@BjI]MOT MPILKZ5M _ i _ MON _ VOA
VOIVOLKZ7X,JRX[sW]T¾VOLRXMHM _ T _ VOIX,»M _ AVaT,JKMPI J _ XT¾+@3j]@³I]@3XMPA@I]@S QSLRVOX,X@BXMO+T@ _ AJRIVaT,JRI]NvN _ Vai > _ @S _ JKT@
XZ7XT@BAXSüQSVOLRLK@Bj ¤l	¦1O ¡ »¢ag ¤l	 S¡¥bP¶B¡ ¢£SüVOIj´B¡¥¦l¶B¡ ¢£½N _ Vai > _ @S _ JKT@XZ;X,T@BAXS!fkX*W][QSLRVOX,X½MO
@Bj]NO@ªVOjsjJKT,JKO@.X,Z;XT@BAX V _ @5 ¤l11O ¡ ·P¹H¥bB©¥( ª"¬ªS­'  f
lmOn£[  => @BI+@i _ @BX@BIlT~V!¡¥bO¡  µ~¶*O¡ ¸·O¹ > @BW7
_ JRX,T,JRQ¾»M _ N _ Vai > _ @S _ JKT@XZ7XT@BAXB] > JRQ > NPJKO@BXUV3WIsJR\W]@X,@BAVOIT,JRQSXÃTMAVOIZvI]MPI7ªj]@ST@ _ AJRIJRXT,JRQ¾XZ7XT@BAXS
 £(¢  +ª   	 ¨G§%¨a¬
  y{üw
=> _ MPW]N > MPW]TÃT > JRXÃisVai@ _ ~@'QMPIX,JRj]@ __ @S _ JKT,JRI]NPXUMO O ¥,¶Bª  +¥ KO¡ ¸·O¹sãVOIj K * K N _ Vai > XS
vÈ! #"%$»x$Ì" '& S)( * oµ¹s »ª°SB· #¼¶*·O¹]O¹*H7LRVa[@BLRX,+-(À Ñ°7 O  /.;¹³¶B37¹ ¸·O¹· #°¡© ·ÁBS
(102(43657(489U7'I]M;j@O¹ @Bj]NO@3LRVa[@BLRX:+<;ü7S¹´ $ _ @BLRVaT,JKMPIVOL '=(+?>!@BA	CEDGFH0 $IKJMLNJMOQPASR '¶(·O¹7 Ñ· #
7 #S· Î·P© »¹¤T+
U +VI  Ñ'"µ¹s »ªSB+· #UI]M7j]@BX:+
W +YX·lO¥ K ( R © »*K * å!#¥¦·O­2(43 B¬3%#7¹s¶B¡ ¸·O¹ZOQPASRTI\[](43^+`_9'¶* ¿3¹³· l'© »*K * aP
PbÕ¹s·l	+c;ü7BS%I)dE0e	OgfhIË OQPASR$O '%0iPkj^l6I · #5  Pk¦¹s·  #S·O¥­'5I]M7j]@j]MPAVOJRIm+
n +o;ü7U@Bj]NO@BXVLpl $Irq`Isqh( '%0e	Ltdml6IuqoIvj	d Bwax     #SO­!  Î¬· # S ¹sO¥¬ _ @BLRVaT,JKMPIX·O¢aS¥4Isq`Iy
©þ7S¥,l¶ z¤lYzYfKL  Ñ K * K )S¬{P%f|( 8 +o_95¶( YO¹¼ ¤5© »)K * P9Pb ¤	+
Ä A3i³LRJRQSJKT,LKZVOX,X,M;QSJRVaT@Bj UJKT > F V _ @3X@SO@ _ VOLWIsQT,JKMPIXS}z	PASRÇL~[(48$i _ Ma`b@BQT,XVOI¼@Bj]NO@3TM9JKT,XLRVa[@BL¸
=> @ÃWIsQT,JKMPIX,@BzJAT@,>Sz`TL1[I i _ Mz;JRj]@"XMPW _ Q@UVOIsj!T,V _ NO@ST+IM;j]@BX M _ @BjNO@BXS ®°@"X,VZ5T > VaTzYfKLJRX
 ¹s¶B ,lB¹7TM^:@Bz$z 'üVOIj{AT@,>Sz!$z '¿ > JRLK@:@z $z'üVOIjAT@,>Sz!$z 'YV _ @1.SP¶(B¹¸ f.LRL]VOja`bVOQ@BIT I]M7j]@BXþMOV
I]M7j]@¾V _ @QSVOLRLK@BjHJKT,X¹³S R¤£-*·O¥½BS¸ => @½¸WIQT,JKMPI° ¹a lª¤P¥b(4TI[ IMOþVIM;j]@½JRXÃT > @¾I;WA5[@ _ MOþJRIQMPAJRI]N
JRIQSJRj@BIlT@Bj]NO@BXo ¹a lª¤P¥b($O ')0 Ëe,zyfiLÂË AT@,>Sz!$z '{0OjËã±d7JRAJRLRV _ LKZ«j]@I]@T > @¸WIQT,JKMPI¨·O7? lª¤P¥b(!TM
[@vT > @oIWsA'[@ _ MOUMPW]TNOMPJRIN¼JRIQSJRj]@BIT@Bj]NO@BXH·O7? ª¤O¥* $O '0 Ëe,zfLÂË,@Bz$z'0OjËã f¯IM;j]@UJKT >
 ¹a lª¤P¥b($O '=0HJRX5QSVOLRLK@Bj¥¦··O¸ Ä ÃI]@BQ@BX,X,V _ ZO~@JRIj]@¼T > @QMPA3iMPI]@BIT,XMOVg(~N _ Vai > F~0 $IJMLtJ





egMPIlT _ V _ ZTM¾MOT > @ _ Vaii _ MPVOQ > @BXJRI!T > @gLRJKT@ _ VaT,W _ @Ã+@gjM½IMOT j@BVOL"JKT > V _ [sJKT _ V _ Z5A5WsLKT,JÎN _ Vai > XS  @BQSVOWX@
L2l $Iq I qV(48 ',O[@STÕ~@S@BI5Tª+M¾I]M7j]@BXYX,@SO@ _ VOL;@Bj]NO@BX V _ @+VOLRLKMz~@Bj¿ > M+@SO@ _ PT > @BJ _ LRVa[@BLRX A!WXT¿[@+jJRXT,JRIQTS
]M _ T > @'isW _ iMPX@BXgMOMOisT,JRAJKBVaT,JKMPIJKT"JRX.I]MOT"I@BQ@BX,X,V _ ZoTMVOLRLKMX@SO@ _ VOLY@Bj]NO@BX.MO T > @'X,VOA@LRVa[@BL¿[@STª+@S@BI
TÕ~MIM;j]@BXx@Bj]NO@BX _ @Si _ @BX@BIlTÃi _ @BjJRQSVaT@BXÃMPIoT > @BJ _ XMPW _ Q@VOIsjvT,V _ NO@STUI]M7j]@½MO[]`b@BQT,XSsVOIjoV!i _ @BjJRQSVaT@@BJKT > @ _
> MPLRjsXUM _ j]M;@BX"I]MOT > MPLRj UMz~@SO@ _ ¿JKT½JRX"O@ _ Z9JRA3iM _ T,VOITTM > VBO@jJ @ _ @BIT _ @BLRVaT,JKMPIX.[@BQSVOWsX@+@'gVOIT"TM
_ @Si _ @BX@BIT5jJ @ _ @BIT 7JRIjXMOUJRI]M _ AVaT,JKMPIc¾I¼T > @MOT > @ _ > VOIj VOLKT > MPW]N > VaTT _ JK[sWT@BX'M _ I]M;j@BXAVZ°[@
JRIT _ M7jWQ@Bj¿T > JRX¾JRXLK@S»T¾MPWT¾»M _ T > @3X*V O@MO+X,JRAisLRJRQSJKTªZO Ä ~j]@BX*JKNPI]@Bj¼QSV _ @S¸WLRLKZ$MPILKZJRIT@SNO@ _ aVOLRW]@BXSüMPILKZ
AVaT,Q > JRI]N5JRI _ WLK@BX!',7I]M;j@UVaTT _ JK[sW]T@BX+j]M5I]MOT~Q > VOI]NO@.T > @ _ @BX,WLKT,X MO[sT,VOJRI]@BjvJRI3T > JRX~isVai@ _ l[@BQSVOWX,@UT > @SZ3QSVOI
[@X@S@BIVOXÃ@;T@BIsX,JKMPIHMO T > @I]M7j]@LRVa[@BL¿X@ST (43½
d7@SO@ _ VOLMOi@ _ VaT,JKMPIX+MPIh(~N _ Vai > XgV _ @¾XT,VOIsjV _ j@;T@BIX*JKMPIXgMOüX@STgMOi@ _ VaT,JKMPIXgMzO@ _ I]M;j@BX+VOIsj@Bj]NO@BXBf
(~N _ Vai > F0F  5oF  JRXUQSVOLRLK@Bj«7¹ ¸·O¹MOF  VOIj|F  JK#F 0 $I{ 5ZI{:JMLt5}Lt,JMOQPAR %5NOQPASR  ',
d7JRAJRLRV _ LKZ3j]@³I@T > @=(~N _ Vai > ªJRIT@ _ X@BQT,JKMPI«VOIj3T > @Y(~N _ Vai > ªJRIQSLRWX*JKMPI¾ => @ O  	.S¥S¹³¶(F 0F 
 F 
MOF  VOIj F  JRX F10 $Ir0 I   
 I  ,JMLÂË 3^JOQPASR   Ë 3 ', => @X,@STUMO VOLRL#(~N _ Vai > XUMO@ _ (¨JRX.QSVOLRLK@Bj w 
=> @X@STMOVOLRL (~N _ Vai > XÃMO@ _ V! 7@BjHX@STMO I]M7j]@BX I  w3 0 $ w Ë 3=J*5J ',M _ AXÃV5³IsJKT@LRVaTT,JRQ@O
f-(~N _ Vai > ªA3M _ i > JRX,A> mF-[ QMPIX*JRXT,XMOgTÕ~MWIsQT,JKMPIX > 3 QI  [IkVOIj7> 8 QL  [ L
 > JRQ > ¸WLÎ³LTÕ~MQMPIjJKT,JKMPIX"
/{su È/YyzÈ;wBÈ;y]{]x$Ì" O7fhI   OQPAR $/>B3$O ''0'OQPASR  $O ',  z=fhL  !z:PAR$/>B8;$z ''#0z:PASR  $z'
$?"ü|!$ÍþÈS"ü|PÈ|þyzÈwBÈ7y7{x$ÌE" z\f Lt y:@z 8 $/> 8 $z''0 > 3 $,@Bz 8 $z'',hAT@,>Sz 8 $/> 8 $z''0
>B3 $A!@,>Sz 8  $z''
Ä [MOT > > 3 VOIjy> 8 V _ @vJRIa`b@BQT,JKO@O#>«JRX'QSVOLRLK@Bj¨ ¹.B,¶¡ »¢a Ä Ã[MOT > > 3 VOIjy> 8 V _ @vX,W _ `¦@BQT,JKO@O#>¼JRX!QSVOLRLK@Bj
;¥/.B,¶B¡ ¢£S Ä #>JRX¾JRIa`b@BQT,JKO@VOIjX,W _ `¦@BQT,JKO@3JKTJRX¾VOI´  ·O­·O¥ª§  ­5{> 3! :> 8V _ @!MO»T@BI¼@;T@BIj@BjTMvX,@ST,X¾MO
I]M7j]@BX½VOIj@Bj]NO@BXS Ä QSLK@BV _  _ MPA QMPIlT@7TS> 3! :> 8V _ @VOLRXMoQSVOLRLK@Bj >s®°@!MOT@BI _ JKT@>SFJRIXT@BVOjMO> $F'
TMX*VBO@[ _ VOQ O@ST,XS
   y{$yÈËy$»xÈ9y /È;w
Ä IvM _ j]@ _ TMj]@³I@.N _ Vai > _ @S _ JKT@ _ WsLK@BXÃVOIjTM3VOLRLKMX,MPA3@¾A3M _ @.@7i _ @BX,X,JKO@BI@BX,XÃM _ T > @BJ _ LK@S»Tb > VOIjoX,JRj]@BXS
+@¾ _ X,T > VBO@TM@;T@BIsjoT > @j]@IJKT,JKMPIoMO V}(~?>!@BA:CED
vÈ! #"%$»x$Ì"   (#";N _ Vai >%$ 0 $IKJMLNJaOQPAR:JMOmz >SA Mz&('5  ½^(Y¸¤P¥¦§s  OP¤O­3S¹ª 5S¬ #7¹s¶B¡ ¸·O¹H¹³Õ¤POª 
L[ ) ©þ ¸¶«ª  ç©þ7S]S¥P¹² ¤z°· #7¤O¥b§   ¹³ª¤lOª +*¦¹³Õ¤POª  $z'=0 ¡¥],'+ $ ;£v¥b ÎOª 
( ¡¤O¥b§ $-.,/ ©  Y¹ª¤PPª  ¤l'¡¥( ç§P§7 0* $-.,/ 0 $I|JML 
 e,zNfgLÂË Omz >SA Mz& $z'401b@EzBjBJMOQPAR1'+ ;ü7
BSg· #'  (#"¡¤O¥b§l' Ñ'¶( K 32 w4 +
f ¤O¥b§º¥S©¥ »ª9¥(-R{@g0	$57698 l9:'QMPIX,JRXT,X!MO.VK #?ª;O¹ ° ,l;5-f<2 w 4 V´¥(-RH ¹¢zP¥( ¸O¹
8f= w *b »¹sªS¥ #P¶¾¤O¥b§'5VOIjoVo¥ K¤a?ª;O¹  ,l: f= w $¸ JKNPW _ @ -', $U@SNPVaT@Bj9@Bj]NO@BXV _ @¾MPILKZVOLRLKM+@Bj
JRILK@S»Tb > VOIsjX,JRj@BX T > @SZ!V _ @"WX@Bj3TMT@BXT+T > @UVa[sX,@BIQ@UMO¿X,W[N _ Vai > XB Ä I3T > @NPJKO@BIsNPW _ @BXMON _ Vai > _ @S _ JKT@
_ WsLK@BX +@UVOII]MOT,VaT@.VI]M7j]@Ã[Z!JKT,XLRVa[@BL¸;VOIj3JKI]@BQ@BX,X,V _ Z5[;Z!VOIJRj]@BIT,JÎ³QSVaT,JKMPIIWA5[@ _ PJRIM _ j]@ _ TM'JRj@BIlT,JKZ




A B C A B D
A BC D
::= RS-1a b a c
ab c
 JKNPW _ @ ¾f"[MO@% (¿@STb5VOIj _ JKN > Tb > VOIj²X*JRj]@O.MzUI$LK@ST" _ WLK@9j]@BLK@ST,JKMPIJKT@BAXB.M"I²AJRjsjLK@% _ WLK@
JRI£V _ JRVOIlT  .MUI _ JKN > T" _ WLK@VOjjJKT,JKMPIJKT@BAX
rule invariant Kleft hand side L right hand side R
redex invariant gKredex gL transformed redex gR
gg g
 JKNPW _ @'nEh@BLRVaT,JRINMO V _ WLK@VOIj9V _ @Bj]@vUJKT > T > @¾M7QSQSW _,_ @BIQ@Y>
I /  $@('j0'I	 $ _ WLK@T@BXT"I]M;j@BX!'
L  /  $@ '`0'L
 $ _ WLK@T@BXTU@Bj]NO@BX!'
( / 3 $@('0'OQPASR $I	 ' $ _ WLK@T@BXT"I]M;j@LRVa[@BLRX '
(  / 8 $@('0z:PAR $L
 ' $ _ WLK@T@BXTU@Bj]NO@LRVa[@BLRX!'
(  /  $@('0(  / 3 5h(  / 8 $ _ WLK@T@BXT"LRVa[@BLRX '
I $@('j0'I	 $ _ WLK@JRI£V _ JRVOIlTUIM;j]@BX '
L  $@('0'L $ _ WLK@JRI£V _ JRVOIlT@BjNO@BX!'
(3 $@('j0'OQPAR$I ' $ _ WLK@JRI£V _ JRVOIlTUIM;j]@LRVa[@BLRX!'
(8 $@('j0z	PASR  $L  ' $ _ WLK@JRI£V _ JRVOIlT@BjNO@'LRVa[@BLRX!'
(  $@('j0( 3 5h( 8 $ _ WLK@JRI£V _ JRVOIlTULRVa[@BLRX!'
I($@ '0I 




 $ _ WLK@VOjjsJKT,JKMPIH@Bj]NO@BX!'
( 3 $@('0'OQPASR  $I  
 I  ' $ _ WLK@VOjjsJKT,JKMPI9I]M7j]@¾LRVa[@BLRX!'
(8 $@('0z:PASR $L 
 L
 ' $ _ WLK@VOjjsJKT,JKMPIH@Bj]NO@LRVa[@BLRX!'
(  $@('0( 3 $@('5o( 8 $@(' $ _ WLK@VOjjsJKT,JKMPI9LRVa[@BLRX!'
I  d $@('0'I 
 I	 $ _ WLK@j]@BLK@ST,JKMPII]M7j]@BX!'
L  d $@ '`0'L  
 L  $ _ WLK@j]@BLK@ST,JKMPI9@Bj]NO@BX!'
( d3 $@('j0'OQPASR $I	 
 I	 ' $ _ WLK@j]@BLK@ST,JKMPII]M7j]@LRVa[@BLRX!'
(  d8 $@('j0z:PAR $L
 
 L
 ' $ _ WLK@j]@BLK@ST,JKMPI9@Bj]NO@LRVa[@BLRX!'
( d $@('j0( d3 $@ 'E5K( d8 $@(' $ _ WLK@j]@BLK@ST,JKMPILRVa[@BLRX!'
 )/È{%-/?$|P{x$ÌE"
f _ WsLK@t@=0 $5 6 8 l :'þJRX+VaiisLRJRQSVa[sLK@.TM5V{(~N _ Vai > F!T > @7·£Y¤P¥¦§lJKT > @"»MPLRLKMzUJRI]NQMPIjJKT,JKMPIX > MPLRj
! x " °{x|%$?"$# ! w Yu%#³yz{%ºxÈ;wSx "  JRIj°VOI«JRIa`¦@BQT,JKO@o(~N _ Vai > ªA3M _ i > JRX,A~>À5 -.,/ [FüQSVOLRLK@Bj·¶*¶B7¥ 
¥bB¹s¶(S#> $5 -.,/ 'JRXQSVOLRLK@Bj ¥b l,PsJKT,XI]M7j]@BX¾¥ l*o¹s· l(sJKT,X@Bj]NO@BX¥ l*9 ¤  @BQSVOWX@ 5 -.,/ JRXWX@Bj¿




::=A B A B



















 JKNPW _ @'qE Ç5%VX,JRAisLK@¾N _ Vai > _ @S _ JKT@XZ7XT@BA
 ª¤P¥¦§'MOF!]J¸ @OsJKm>B3$I 'JRXÃT > @X@STÃMO _ @Bj]@oI]M7j]@BX+ _ MPA > 5I]MOTVOLRLLRJRI ;JRI]N@BjNO@BXÃMOþIM;j]@BXgJRI
>B3 $I 'ÃI]@S@BjTM[@!JRIh> 5U => @N _ Vai > F 
 > 5¨JRX½QSVOLRLK@BjÁ¥b~¤P¥¦§l 8jNO@BX" _ MPAF 
 > 5JRITMZ> 5
AVZ@]JRXT $Õ ,1lB¹« ¤* PO¹¤ã ¹¤o ¤l',
! x  " "üÈ #³{]xÈ;Í$È;Í%#³È9xzÈwSx $z}0 $O  JMO  J P ')f L  JB¹³Õ¤POª ($z ' 0 ¡¥ ' 0 $/> 3 $O  'MJ> 3 $O  'MJ P 'f6LV
J¸ @oJKUVOI6P @Bj]NO@oJRI<LÁJRX!I]@SNPVaT@Bj~[@STÕ~@S@BI´T > @vQM _*_ @BXiMPIjJRI]NI]M7j]@BX!JRIy> 3 $I	 '¾IM7P @Bj]NO@oAVZ
@7JRX,TS
! x  " yzÈ/{]x$ÌE"´|PÌ  /ÈlxzÈS"üÈwwxÈ;wSx az}0 $O  JMO  J P 'f6L ($@(' $/> 3 $O  'MJ> 3 $O  'MJ P '	f L  J¸ @OþI]MOT'VOLRL
@Bj]NO@BX > JRQ > T > @VaiisLRJRQSVaT,JKMPIMO%@5+MPWLRjHVOjjHV _ @VOL _ @BVOj]ZoJRI|F
Ä @.JRXVaiisLRJRQSVa[³LK@O!@Uj@ _ JKO@BX _ MPA FT > @(~N _ Vai > ¯[Z'i@ _ »M _ AJRI]N"T > @g»MPLRLKMzUJRI]NXT@Si³XJRI!M _ j]@ _ $ O ¥b*¶B
lB¥( ¢zP¡ ·O¹oF [  '
! { " yzÈÍþÈ
ºÈÍ #sÈÍYÈ /Èx$ÌE" f.LRL _ @Bj]@3@Bj]NO@BXÃAVaT,Q > @Bj[;Z _ WLK@½j]@BLK@ST,JKMPIv@Bj]NO@BXÃV _ @½j]@BLK@ST@BjL  0'L  

>B8;$L  d $@(''
! {  " %$ÍYÍþÈ "ÁÈ;Í%#³ÈÍþÈ/Èx$Ì" f"LRL _ @Bj]@'@BjNO@BX V _ @j]@BLK@ST@Bj > JRQ > V _ @UJRIQSJRj]@BITTMI]M7j]@BXAVaT,Q > @Bj[;Z _ WLK@
j]@BLK@ST,JKMPI9IM;j]@BXxL  0iL  
 e $O  JMO  J P 'fKL  Ë O  O  f`> 3 $I d $@(''Mj
! {  " "üÌÍYÈÍþÈ/Èx$ÌE" f"LRL _ @Bj@I]M7j]@BXoAVaT,Q > @Bj[;Z _ WLK@°j]@BLK@ST,JKMPI I]M;j@BXoV _ @°j]@BLK@ST@Bj6I{ 0 I{ 

>B3 $I d $@ ''
! { " "üÌÍYÈ{ÍþÍ$»x$ÌE" fºX,@STþMO³I]@SÁI]M;j@BXYQM _,_ @BXiMPIjJRI]N"TM I  $@('JRX VOjj@BjTM^FÇ I  0'I  5 e	OjË \f
I $@('MJMOQPAR  $O '0'OQPASR $ 'Mj
! { " È;Í%#³È{sÍYÍ#$»x$ÌE" f X,@STMOI]@S @BjNO@BXQM _,_ @BXiMPIjJRI]N°TM<L  $@(' JRXVOjj]@BjÁTM F!ÃJK½T > @SZÁV _ @I]MOT
VOL _ @BVOj]Z9JRIF]  0 $I  JML  5ge $/>B3 $O  'MJ> 3$O  'MJ P 'PË$O  JMO  J P 'fgL  jBJOQPAR  '+ > @ _ @{OQPASR  > VOX
[@S@BIHVaii _ MOi _ JRVaT@BLKZo@;T@BIsj]@Bj4L  VOIsjhLV _ @5X@ST,XS³J¸ @OVaT@ _ T > @'VaiisLRJRQSVaT,JKMPIMO@!T > @ _ @"JRLRLüXT,JRLRL
[@.MPIsLKZMPI@)P @Bj]NO@[@STª+@S@BIo> 3 $O  'VOIjo> 3 $O  ',sXM3T > VaT JRXV3~@BLRLÎM _ A3@Bj (~N _ Vai > 
   y{$yÈËy$»xÈHwSÉ¿wSxzÈ¼w
f *b¥b ÎO¡ ¸·O¹s '¤O¥b§¥bB©¥( ª.¬ªS­0 $%J 'þQMPIX,JRX,T,XMOVX,@STMON _ Vai > _ @S _ JKT@ _ WLK@BX¼VOIjV{(~N _ Vai >
 $T > @P ¸·O­ ', => @X,@STMOVOLRLN _ Vai > _ @S _ JKT@XZ7XT@BAXUJRXQSVOLRLK@Bj! 
 JKNPW _ @!qQMPIlT,VOJRIsX.VOI@]VOA3isLK@'MO V3N _ Vai > _ @S _ JKT@'XZ7XT@BAH"hUWLK@" Ç5*p'VOjjX.V$#;@Bj]NO@5[@STÕ~@S@BITÕ~M


















 JKNPW _ @   Å VaT,Q > JRI]NMO  ]5ÕC'TMVOIv@7VOAisLK@ > MPXTgN _ Vai > f"[MzO@¾T > @ _ WLK@O]j]MzUIT > @½N _ Vai > hUWsLK@½IM;j]@BX
V _ @'AV _ O@Bjo[;Zvhp £h"C; $U@SNPVaT@Bj _ WLK@¾@BjNO@BXT@BXTT > @Va[sX@BIQ@¾MO @Bj]NO@BX"JRIoT > @ > MPXTÃN _ Vai >
VOI #;@Bj]NO@ $T*r(',  Ç5ÕCVOjjsX"VOI  @Bj]NO@![@STÕ~@S@BITÕ~M ¿ªI]M7j]@BX$¸VPn(' > JRQ > V _ @I]MOT½VOL _ @BVOj]ZLRJRI O@Bj[;Z9VOI
²z@Bj]NO@)$T*r(',  @BQSVOWX,@~@WX@!VOI°JRIa`b@BQT,JKO@M;QSQSW _,_ @BIQ@>9JRI _ WLK@!VaiisLRJRQSVaT,JKMPI«QMPIjJKT,JKMPI $TBp',Q> $^¿ 'VOIj
> $^¿-'"A!WX,T.[@3jJ @ _ @BITS  Ç5Õr _ @BAMO@BXV
	OªI]M7j]@)$¸VPr('UTMONO@ST > @ _ UJKT > VOI«JRIQMPAJRI]NP@BjNO@ $¸V]p'.VOIj
VOLRLKM7QSVaT@BXVvI]@SlªI]M7j]@$¸V -'g"JKT > JRIsQMPAJRI]NP@Bj]NO@ $¸VPn(',¾ JKNPW _ @; X > M"X"VOIM7QSQSW _,_ @BIQ@5MO ]5ÕCJRIV
iMPX,X,JK[³LK@ > MPXT½N _ Vai >  =U> @ _ WLK@!AVaT,Q > @BX¾VoI]MPI7ªJRIjWsQ@BjX,W[N _ Vai > QMPIT,VOJRIJRI]NoT > @ _ @Bj@I]M7j]@BX
¿!VOIj
¿
Ä I°T > JRXisVai@ _ ~@WX@3VoXi@BQSJÎ³QN _ Vai > _ @S _ JKT@Vaii _ MPVOQ >  $"MPI]@3MOgT > @3Vaii _ MPVOQ > @BX _ @SiM _ T@Bj¼JRI°T > @
LRJKT@ _ VaT,W _ @¾X@S@BAXTM5A@S@STT > @.@;@BQSWT,JKMPI@! QSJK@BIQZQ _ JKT@ _ JRV5 > JRQ > V _ @ _ @B\;WJ _ @BjM _ i _ MON _ VOA MOisT,JRAJKBVaT,JKMPI
=> JRXYQMPIQ@ _ IXþ@BA'[@BjjsJRI]NÃMO _ WLK@BXB£NPLRWsJRI]N.QMPIsjJKT,JKMPIXSOVOIj > JRjj]@BI@Bj]NO@BXS ®°@ _ @BXT _ JRQTþT > @ _ WLK@+VaiisLRJRQSVaT,JKMPI
QMPIjsJKT,JKMPIXgTM'T > MPX@"T > VaTgQSVOI[@UT@BX,T@BjoJRIQMPIX,T,VOIlTgT,JRA3@. > @BIV!X@ST~MOYI]M;j@BXMO¿T > @ > MPX,T~N _ Vai > JRXgWIj@ _
JRIO@BXT,JKNPVaT,JKMPI => WX +@.WsX@' ¹¢zP¥( ¸O¹ _ WLK@"@BA5[@BjsjJRI]N   YE¾mOn]J¸ @O+@.jM'I]MOTgVOLRLKM > JRjsj]@BI3@Bj]NO@BX+TM5[@
_ @BjsJ _ @BQT@Bj7XisLRJKTM _ QMPVOLK@BX*Q@Bjh@Bj@;@BX~VOLK+VZ;X _ @S@ _ TMV½ ;@Bj3I;WA5[@ _ MOIM;j]@BXVOIj@Bj]NO@BXS Å M _ @"LRJK[@ _ VOL
@BA5[@BjjJRI]NoA@BQ > VOIJRX*AX½+MPWLRj¼M _ AVOjjsJKT,JKMPIVOL _ WsLK@3VaiisLRJRQSVaT,JKMPI±QMPIjJKT,JKMPIXSvf.LKT > MPW]N > T > JRX _ @BX@BA5[sLK@BX
T > @'VOLKNO@S[ _ VOJRQ5Vaii _ MPVOQ >  8  (Ym +@j]MI]MOTUWX@'JKT,X.¤Î7 »¹;¤¶(·O¹ O ¡ ¸·O¹[@BQSVOWsX@JKTi _ M > JK[sJKT,X > JRjsj]@BIv@Bj]NO@BX
TMI]M7j]@BX~ > JRQ > V _ @½j]@BLK@ST@Bj = M5T@BXTg > @ST > @ _ > JRjj]@BI@Bj]NO@BX+@]JRXT+JRX _ VaT > @ _ @7i@BIX,JKO@.MPIvjJ _ @BQT@BjN _ Vai > X
[@BQSVOWX@++@ > VO@gTM.LKM;MW]i!XMPW _ Q@BXþMOJRIQMPAJRI]NU@BjNO@BXVaTY@SO@ _ Z _ WLK@gVaiisLRJRQSVaT,JKMPI "@BIQ@ _ WLK@~VaisisLRJRQSVaT,JKMPIX
I]@S@BjoIMOTÃ[@½isWsX > MPW]T,X+JRIvT > @QSVaT@SNOM _ ZvMOþN _ Vai > XgVOIjoV _ WLK@¾j]M;@BXÃI]MOTVOLKgVBZ7X > VO@VOIoJRIlO@ _ X@O "M+@SO@ _ 
T > JRX"JRXI]MOTUJRAiM _ T,VOIlTg[@BQSVOWX@~@V _ @MPILKZoJRIlT@ _ @BX,T@Bj9JRI _ @S _ JKT,JRI]NVOIjoIMOTUJRIoisV _ X*JRI]N]
d7MPA3@MO+T > @3Vaii _ MPVOQ > @BX _ @SiM _ T@Bj°JRI°T > @3LRJKT@ _ VaT,W _ @V _ @I]MOTVaisi _ MOi _ JRVaT@[@BQSVOWX,@T > @SZWsX@3JRIjWQ@Bj
X,W[N _ Vai > T@BXT,XJRIsXT@BVOjvMOþAVaT,Q > JRIN] Ä ¿D »M _ T > @VaisisLRJRQSVaT,JKMPIoMO V _ WLK@"D VOLRL¿LRJRI7JRI]N _ @BLRVaT,JKMPIXÃ[@STª+@S@BI
I]M7j]@BX!+@ _ @oTM¼[@@BIWA@ _ VaT@Bj+Xi@BQSJÎ³QSVaT,JKMPIX+MPWLRjÁ[@ _ VaT > @ _ jJ  QSWLKTTM _ @BVOjÁVOIj´ _ JKT@O´hU@BVOLRJRXT,JRQ
MOiT,JRAJKS@ _ X,i@BQSJÎQSVaT,JKMPIX5UJRLRL +M _ ¼MPI±VOI«@BIM _ A3MPWXVOA3MPWITMO _ @BLRVaT,JKMPIsX'MzO@ _ T > @MO[`¦@BQT5TªZ;i@BXMOÃT > @
JRIT@ _ A3@BjsJRVaT@ _ @Si _ @BX@BIlT,VaT,JKMPI¿+®°@'@BXT,JRAVaT@'T > VaT"V3WLRLÎ4"³@Bj]NO@BjHMOiT,JRAJKS@ _ UJRLRLüWX@Va[MPW]T"r3"pB3MO[`¦@BQT
TÕZi@BX½VOIj9V _ MPWIj±pB3nB _ @BLRVaT,JKMPIXS½f"LRXMvJRIjWsQ@Bj9X,W][sN _ Vai > T@BX,T,X"i _ @SO@BIlT½Xi@BQSJÎ³QSVaT,JKMPIX. _ MPA [@BJRI]N
@7T@BIj]@Bj@BVOX,JRLKZ JKüI]@S _ @BLRVaT,JKMPIXÃV _ @½VOjj]@BjTM > MPXT+N _ Vai > XBM _ A3@ _ LKZ3AVaT,Q > JRI]N _ WLK@BX~X*Wjj]@BILKZI]@S@BjvI]MOT
AVaT,Q > VOIlZ7A3M _ @   YE¾mOnU®JKT > AVaT,Q > JRIN]³+@5QSVOIVa[sX,T _ VOQT" _ MPA VOLRLYIMPI7 _ @BLK@SaVOIlT _ @BLRVaT,JKMPIXB"M+@SO@ _ 
JKIM;j]@BX.V _ @j]@BLK@ST@BjVOLRL JRIQSJRj]@BIT½@Bj]NO@BX.MOT > @!I]M7j]@'A!WX,T"VOLRXMv[@'j]@BLK@ST@Bj¿d7@BQT,JKMPI¼nQSLRV _ JÎ³@BX > MT > JRX
QSVOI9[@jMPI]@¾UJKT > LRJRI]@BV _ @;@BQSWT,JKMPI9QMPXTS
  vÈ7y$ ]{]x$ÌE"üw
(ü@ST¾[@$60 $J 'Vf    f lS¥ »¢£O¡ ¸·O¹9JRI $JRX¾VX,@B\W]@BIsQ@5MO4(~N _ Vai > XYF^[ YF  [ [`F  LRJRIO@Bj±[;Z¼jJ _ @BQT!j]@ _ JKaVaT,JKMPIX!WIj]@ _'_ WLK@BX@  f g9®°@vX,VBZ¼T > VaTF  JRX)lB¥( ¢z  K' _ MPAF  $F 




ªB¥(­! ¹sO¡ ¹¤'JKO°JRXÃ³IJKT@O³MOT > @ _ UJRX,@¹s·O¹a¦ªS¥­! »¹³O¡ »¹;¤a Ä VOLRLYj]@ _ JKaVaT,JKMPIXUJRI ÁV _ @T@ _ AJRIVaT,JRI]N] ºJRXUVOLRXM
QSVOLRLK@Bj±ªS¥­! »¹sP¡ »¹¤O
= ~MVOLKT@ _ IVaT,JKO@jsJ _ @BQTÃj]@ _ JKaVaT,JKMPIX+MO _ WLK@BX@  0 $5  6 8  l :  ' VOIjZ@  0 $5  6 8  l :  '  _ MPA 
V _ @5QSVOLRLK@Bj  ¹ lb§7S¹ lS¹¸JK T > @SZoQSVOIH[@JRIlT@ _ Q > VOI]NO@Bj54F    4F  [ 4F  0   ÆF  [       4F  
c.T > @ _ UJRX@3T > @SZV _ @QSVOLRLK@Bj±VOI$·O¢aS¥ Î§³ =U> @»MPLRLKMzUJRI]Nj]@³IJKT,JKMPIsX > MPLRj¼M _ VOIsj«JKT,XjsJ _ @BQTj]@ _ JKaVaT,JKMPI
_ @BLRVaT,JKMPIy[ ºJRX½QSVOLRLK@Bj ¡¥b·O¹¤¶*·O¹+S¹sYJK  F  J*F  J*F  f(~?>!@BA	CD F   F  [ F  0    F  [
   =F   > @ _ @3JRX T > @ _ @!"s@]JKO@QSLKMPX,W _ @UMO[ => JRXJRXVaTLK@BVOXT T > @QSVOX,@JKVOLRL]i³VOJ _ X MOjsJ _ @BQTj]@ _ JKaVaT,JKMPIX
V _ @"JRIj]@Si@BIj]@BITS ¼JRX QSVOLRLK@Bj¶(·O¹	gS¹¸7JK  F  J*F  J*F  f w !F  <  F  <[ F  0   !F  <[  <  F  
±JRXÃQSVOLRLK@Bj«¶(·O¹¢£B¥¸¤S¹JKþJKTÃJRXgT@ _ AJRIVaT,JRIN!VOIsjQMPI"³W]@BIT  
m +d7WQ > XZ;X,T@BAXgj]@BLRJKO@ _ V!WIJR\;W]@½I]M _ AVOL
M _ A  $"@S lC gE _ Vai > _ @S _ JKT@XZ7XT@BAXg"JKT > X@SO@ _ VOLYI]M _ AVOLM _ AXÃV _ @QSVOLRLK@Bj«¹s·P¹a SªS¥­! »¹s Ñ¡ ¶B
 £      ¨a¬ª§+¨G¥¬  ª j¨[§+¨(¥¬
f X@STMO.N _ Vai > _ @S _ JKT@ _ WLK@BX T@ _ AJRIVaT@BXMPI²V°³IJKT@9V]JKMPA  JK½@SO@ _ Zºj]@ _ JK£VaT,JKMPIXT@Si²VOjjsXXMPA@
@Bj]NO@BXTM!V!i³V _ T,JRQSWLRV _Ã_ @BLRVaT,JKMPI~fgTLRVOXTÃ > @BIT > JRX _ @BLRVaT,JKMPI9JRXÃQMPA3isLK@ST@½T > @¾j]@ _ JKaVaT,JKMPIoi _ M;Q@BX,XgA!WXTgXTMOi
[@BQSVOWX@~@MPIsLKZVOLRLKMzMPI]@@Bj]NO@UJKT > VQ@ _ T,VOJRILRVa[@BL[@STª+@S@BIHTÕ~MI]M;j@BXS
vÈ! #"%$»x$Ì"  ! Í #sÈlÊ*{ÍþÍ$»x$ ³ÈHy /È " & B * 0 $%J 'f    Q+!¡µ¹³#·O¥4@=0 $5 6 8l :'9f  7
BSg· #@Bj]NO@ªVOjjsJKT,JKMPI7T@ _ AJRIsVaT,JKMPILRVa[@BLRX
 8 $@ '0 e:P%f|( 8 $@('PË  zt0 $O  JMO  J P 'fhL  $@('TOQPAR $O  'MJMOQPASR $O  ' f|( 3 $@('Mj
7BSg· #T@ _ AJRIVaT,JKMPI7ªX,W[N _ Vai > I]M7j]@LRVa[@BLRX
 3 $@('j0e:P%f|( 3 Ë  zV0 $O  JMO  J  'fhL  $@('MJ f  8 $@('j
OQPASR $O  '0iP  OQPASR $O  '%0iPkj
7"T@ _ AJRIVaT,JKMPI7 _ @BLRVaT,JKMPIX »¹ 
L $@('j0e,z^fhL`Ëz	PASR $z'f  8 $@('Mj
7BSg· #T@ _ AJRIVaT,JKMPI7ªX,W[N _ Vai > I]M7j]@BX5 »¹ 
I  $@('j0e	OgfhI  Ë OQPASR  $O 'f  3 $@ 'Mj
 #  8 $@(' 0!+ +:+7B¥bO¥b3¥(-R11P »¡ ¸·O¹  ¤l'©þ ¸¶O¥3·P¹ ã¬ ¹s¶B ,lS¹s+·H¥(-R5 »¹¢£O¥ O¹sÃ¹s· l @
  '¶* R 5@Bj]NO@ªVOjjsJKT,JKO@T+
¾¹° ¤l	¦1O ¡ »¢a!¥(-RV@9© NI($@('0I d $@('0iL  d $@ '0 Ñ!¶* K 5@Bj]NO@'VOjsjJKT,JKMPI _ WsLK@*(,¶*PlB
 +·P¹ ã¬11£3 ¤+
f.IÁ@Bj]NO@ªVOjsjJKT,JKO@ _ WsLK@HVOjjX3VaT3LK@BVOXTMPI]@ _ WLK@HVOjsjJKT,JKMPIÁ@Bj]NO@H > JRQ > JRX3MPILKZ±JRIsQSJRj]@BIlTTM _ WLK@HJRI£V£
_ JRVOIT!I]M;j@BXS =U> @LRVa[@BL MOÃT > JRX'@Bj]NO@+$T > @BX@@Bj]NO@BX!'.j@BI]MOT@V&$¸X@ST'MO!' _ @BLRVaT,JKMPIX5MOÃT > @ > MPXTN _ Vai > $T > @
T@ _ AJRIVaT,JKMPI7 _ @BLRVaT,JKMPIsX!'" > JRQ > V _ @[@BJRI]NoQMPA3i³LK@ST@Bj¼jW _ JRINT > @3VaisisLRJRQSVaT,JKMPIXMO+T > @ _ WsLK@O => JRX½i _ M7JRj]@BX
T > @[sVOX,JRXÃM _  z¤lb11P »¡ ¢£N _ Vai > _ @S _ JKT@XZ7XT@BAX"
vÈ! #"%$»x$Ì"  ! Í #sÈlÊ*{ÍþÍ$»x$ ³È #³yz{²yzÈËy$»xzÈHwSÉ¿wSxÈ °w " 60 $%J 'tf    ´ Ñ¶* K 3@BjNO@ªVOjjJKT,JKO@
  #  @  0 $5  6 8  l :  'MJM@  0 $5  6 8  l :  '9f  
 $O  JMO  J P 'fKL  $@  'MJ Pf  8 $@  '` OQPASR  $O  'MJMOQPAR  $O  ' f|( 3 $@  '
 +¸	+¿ ¥-K"O¥b ¤b11O ¡ »¢a¾O¹ !¹³·'¥-K½1£.¹³· l.·']½ªS¥­! »¹sP¡ ·O¹Õ¤O¥b§v¹s· l.· #"O¹³·O7S¥
¥-K:+c;ü7S¹ l¡µ¹³57BSg· #@Bj]NO@ªVOjjsJKT,JKMPI7T@ _ AJRIsVaT,JKMPI9LRVa[@BLRX· # 





P¹ v7"T@ _ AJRIVaT,JKMPI7ªX,W][sN _ Vai > · # ·**5] ª¤P¥¦§s· # 
  0 $I  0 
 "!
I  $@('MJML  0 
 "!
L  $@('MJMOQPASR  Ë 3 '
;ü]SSg· #' Y ¤l	¦1O ¡ »¢a¾¤O¥b§¥S©¥ »ª¬zªS­''  '¶* R    Q+
 ¤O¥b§Á¥S©¥ »ªo¬zªB­ © »Á ¤91O »¡ ¸·O¹¥(-Rv Ño¶* K o@Bj]NO@oVOjjsJKT,JKMPI _ @S _ JKT@vXZ7XT@BA $G5 '*+
;ü7BSg· #' Y ¤l!1O »¡ ¸·O¹°¥S©¥ »ª5¬zªB­  '¶* R 	'  Q+
Ä Iv@Bj]NO@ªVOjjsJKT,JKO@N _ Vai > _ @S _ JKT@XZ7XT@BAXg+@QSVOIHJRj]@BIT,JKZVX,W[N _ Vai > MOüT > @V7JKMPA9]T > @3ªS¥­! »¹sP¡ ·O¹
Õ¤O¥b§l Ä T,XI]M7j]@BX3QSV _,_ ZºLRVa[@BLRX _ MPA
  "!  3 $@ '(gJKT,X@Bj]NO@BX _ MPA  8 $  ',hUWLK@BXAVZÁAVOIJKisWsLRVaT@
V _ [³JKT _ V _ Z«I]M7j]@BX5VOIj±@Bj]NO@BXS @]Q@SiT!T > VaT!@BVOQ > MOUT > @BAÂMPILKZ$11a9 ¤lTMT > @T@ _ AJRIVaT,JKMPI7ªX*W][N _ Vai > 
=> WXT > @"T@ _ AJRIVaT,JKMPI7ªX*W][N _ Vai > JRX[@BJRI]N'QMPA3isLK@ST@BjvVOIjT > @.X,Z;XT@BAkT@ _ AJRIVaT@BXSj5"V _ @.O@ _ Z3Xi@BQSJÎ³Q
N _ Vai > _ @S _ JKT@XZ7XT@BAX [@BQSVOWsX@gT > @SZ'MPIsLKZ'VOjj!@Bj]NO@BXTM¾N _ Vai > X  ft
lmOn£[  ®°@UQSLK@BV _ LKZ > VO@	'   ! 
 ¿È;Ì³yzÈ   !  È7y y$?"ü{]x$ÌE"ÁÌ"t   "& S;* 0 $J 'f   Q+ ªB¥(­! ¹sOª!·O¹5µ¹ ª +
 #   0 $I  JML  JMOQPAR  '    +7UªS¥­! »¹sP¡ ·O¹Õ¤O¥b§· # ´O¹   8 $  '~ Ñg7ÃSS¿· # ¤l	¦1O ¡ ·O¹
ªB¥(­! ¹sO¡ ¸·O¹ K * å*+)lS¥ »¢£O¡ ¸·O¹° »¹ ¨;£'O+­·£Ë  8 $  'PËEË I  Ë  ª¦§+
yÌÌ,} $bp' Gf	'  d;T,V _ T,JRI]N' _ MPA  ;V'j]@ _ JKaVaT,JKMPI &{0F <[  MO »M _ AX VOIVOX,Q@BIjJRIN'Q > VOJRIJRI
$ w3 J*5J 'g[@BQSVOWX@T > @ _ WLK@BX"MO´MPILKZVOjjH@Bj]NO@BXB ½W]@'TM _ WLK@'VOjjJKT,JKMPIVOQT,JKMPI$¸VPn('g@BjNO@BX"V _ @!VOjj]@Bj
MPILKZ·O¹s¶(S => WX @SO@ _ ZjJ _ @BQT~j@ _ JK£VaT,JKMPIvLK@BVOjX+TM!VOI]MOT > @ _ (~N _ Vai > JRI $ w3  J*5J ',  @BQSVOWX,@ $ w3  J*5J '
JRX³IJKT@O]T > @Q > VOJRIHMOþT > @j@ _ JK£VaT,JKMPIJRXI]M;@ST > @ _ JRVOI => WsX'±T@ _ AJRIVaT@BXMPI  
$¡C('  f   
 	'    @BQSVOWX@  VOjjX5VOIj j@BLK@ST@BXJKT@BAXS T > @vJRI]isW]T,XMOUjJ _ @BQT!j]@ _ JKaVaT,JKMPIX!I]@S@Bj
I]MOT[@9X,W][sN _ Vai > XMO¾T > @ _ @BX*WLKT,XSUVOIj²T > @j]@ _ JKaVa[sLK@9N _ Vai > Xj]M´I]MOT»M _ A
V«LRVaTT,JRQ@O "M+@SO@ _ U@SO@ _ Z
N _ Vai > j]@ _ JK£Va[sLK@ _ MPA  QMPIlT,VOJRIX!VX,W][N _ Vai >  > JRQ > JRX _ @BX,T _ JRQT@Bj±TMT > @T@ _ AJRIVaT,JKMPI7ªX,W][sN _ Vai > IM;j]@BX
I  1I  e+MPIX,JRj@ _ T > JRX¾X@STMOgX,W][sN _ Vai > X $ w3 J*5J ',YVOIj°VOI«V _ [sJKT _ V _ ZjJ _ @BQTj@ _ JK£VaT,JKMPI<F2[  «
F > VOXVoX,W][sN _ Vai > F  f  w3   @BQSVOWX@Z@A!WXT¾VOjj«VOI°@Bj]NO@3TMHVoT@ _ AJRIVaT,JKMPI7 _ @BLRVaT,JKMPI¼MOF!  > VOXV
X,W[N _ Vai >   f  w3    > JRQ > JRX½T > @ _ @BX,WsLKT"MO+VaiisLKZ7JRI]No@3TM|F  F  <  > MPLRjX½JRI0 w3  => @ _ @S»M _ @
@BVOQ > j]@ _ JK£VaT,JKMPI+&K0 F  [ F  [ %[ F  JRI  > VOX'VOX,XM7QSJRVaT@Bj VOI VOX,Q@BIjJRIN9Q > VOJRI«MOÃX,W][N _ Vai > X½MOT > @oF  JRI 
w3 J*F   pF      F   => JRXX,@B\W]@BIsQ@JRXVOLKgVBZ7X'³IJKT@3[@BQSVOWX,@;
w3 JRX³IJKT@O => WX &
T@ _ AJRIVaT@BXSsVOIsjHVOLRXM	~
Ä I[MOT > QSVOX@BX¾T > @3I;WA5[@ _ MO~@Bj]NO@BXJRI°VoQMPAisLK@ST@N _ Vai > MzO@ _ I   I  UJKT > Ë  8 $  'PË _ @BLRVaT,JKMPIXJRX
LRJRAJKT@Bj°[ZË  8 $  'PË¾Ë I  Ë    @BQSVOWsX@3@SO@ _ ZjJ _ @BQTj]@ _ JK£VaT,JKMPI¼VOjsjX¾VOI°@Bj]NO@OüJKT,XLK@BI]NOT > QSVOI°[@VaTA3MPX,T
Ë  8 $  'PËË I  Ë  
f.XUVOI9@7VOAisLK@QMPIX,JRj@ _ T > @N _ Vai > _ @S _ JKT@XZ7XT@BA¯JRIH JKNPW _ @pa  @BQSVOWX,@+@ > VBO@I $a
	Õ
 "!^	$""­('20  0 I  d $a
	 "!#	$*p'0 L  d $a
	/ "!^	$*p',

	 "!#	$ÁJRX VOI 5O ®°@ > VBO@  8 $a
	/ "!^	$""­ 'i0 e"¿´E´ ¹º» °½jO 3 $a
	/gx!^	$4x­ 'Y0uex®E°?±²TJ ¹º» °jO 
	/ "!^	$T@ _ AJRIVaT@BX'MPI´VHIJKT@JRI7
T@ _ A@BjJRVaT@ _ @Si _ @BX@BIT,VaT,JKMPI
 JKNPW _ @   QMPIT,VOJRIX"Tª+MMOT > @ _ @7VOAisLK@BXS~f.LKT > MPW]N > 5VOjjsXI]M7j]@BXSsV3j@ _ JK£VaT,JKMPI9T@ _ AJRIsVaT@BX > @BI
T > @ _ @BLRVaT,JKMPI ·  °+¸ "!% ·±°oJRXQMPA3isLK@ST@O®°@ > VBO@  8 $  54x­ '0-e"·  °%¸ "!%+·¾±° jO  3 $  54x­ '0 e"¿jO
 JKNPW _ @´mºj]@Si³JRQT,X > MzÂV$j]@ _ JKaVaT,JKMPIJRI  5¼[@ > VO@BX"@BVOQ > _ WLK@ VaiisLRJRQSVaT,JKMPIVOjjXVOI@Bj]NO@ TM$T > @
T@ _ AJRIVaT,JKMPI7ªX,W[N _ Vai >   > JRLK@vJKT,X!I]M7j]@BX!V _ @vLK@S»TWITMPWQ > @Bj Ä I QMPIT _ VOjJRXT,JRIsQT,JKMPI#Ê  5VOjjJKT,JKMPIsVOLRLKZ
Q _ @BVaT@BX ¿ªI]M;j@BXS => WXgT > @ _ @JRXUI]M3T@ _ AJRIVaT,JKMPI7 _ @BLRVaT,JKMPIVOIjHV3j]@ _ JK£VaT,JKMPIAVBZ[@I]MPI7T@ _ AJRIVaT,JRI]N]
 @BQSVOWX,@5T > @NPJKO@BIT@ _ AJRIVaT,JKMPIQ _ JKT@ _ JKMPI _ @BLRJK@BX.MPIHT > @@BVaT,W _ @BX"MOT > @ _ WsLK@BXUVOLKMPI]@!JKT"QSVOI[@j]@BQSJRj]@Bj
JRIºVOIºMOiT,JRAJKS@ _ NO@BI]@ _ VaTM _  $5v > JRQ > jM¼I]MOT3WX@HI]@SNPVaT,JKMPIJRIÁT > @BJ _ LK@S»Tb > VOIsjºX,JRj]@BXSgV _ @HI]MOTMPILKZ
T@ _ AJRIVaT,JRI]N] [³W]T5VOLRX,MX,T _ MPI]N°QMPI-"³W]@BITSVOIj T > WXQMPIlO@ _ NO@BIlT  ft
lmOn£[  =U> @SZ«QSVOI´[@WX,@Bj TM°Xi@BQSJKZ
JRIT _ Vai _ M7Q@BjW _ VOLYjJRX,T _ JK[sW]T,JKO@jVaT,V£4"sMz VOIVOLKZ7X,JRX  f
lmOn£[   @BQSVOWsX@ 5'MPILKZVOjj@Bj]NO@BXST > @SZHMOi@ _ VaT@




A:1 ::= A:1 A:2
B
A:1









 JKNPW _ @    f.I@Bj]NO@ªVOjjJKT,JKO@¾N _ Vai > _ @S _ JKT@¾XZ;X,T@BAk"JKT > T > @"@Bj]NO@ªVOjsjJKT,JKMPI7T@ _ AJRIVaT,JKMPIHLRVa[@BLYªB¥(­! ¹sO·O¥






























 JKNPW _ @5mEfj]@ _ JKaVaT,JKMPI9JRIoT > @¾@BjNO@ªVOjjJKT,JKO@5N _ Vai > _ @S _ JKT@XZ7XT@BA  5
ûYû ì£ß5S"45<"<
p!  þ© ­O¹¹
_ @BLRVaT,JKMPI´VOIj«V9j]@ _ JKaVaT,JKMPI »M _ AXVOI«VOX*Q@BIjJRI]N9Q > VOJRI±JRI¼T > @LRVaTT,JRQ@O  @BQSVOWsX@ _ WLK@VaiisLRJRQSVaT,JKMPIsX'QSVOI [@
JRIT@ _ Q > VOI]NO@BjoV _ [sJKT _ V _ JRLKZO]@BVOQ > _ WLK@½A3M7j]@BLRX~V'jJRX,T _ JK[sW]T,JKO@½¸WIQT,JKMPI7VOIjT > @$5.A3M7j]@BLRX~V5jsJRXT _ JK[sW]T,JKO@
jVaT,V£4"³M _ VOA@S~M _   ft
lmOn£[  => WXS¿IjJRI]NoV9IM _ AVOLþM _ AMOÃVOI $5!MzO@ _ VOI V7JKMPAÂJRXX*JRAJRLRV _ TM
³IsjJRI]NV 7iMPJRIlT.JRIVjJRXT _ JK[sW]T,JKO@!jVaT,V£4"sM _ VOA@S~M _ g~@Vaii³LKZHVOLRL _ WLK@BXUTMT > @ > MPXT.N _ Vai > WIT,JRLYV
 7iMPJRIlTS]T > @I]M _ AVOL³M _ A97JRX _ @BVOQ > @Bj
 £      ¨a¬ª§+¨G¥¬ § +ªE§+¨G¥¬
®°@5VOLRXMQSVOI9WsX@¾@Bj]NO@M _ IM;j]@j@BLK@ST,JKMPI9TMVOQ > JK@SO@T@ _ AJRIVaT,JKMPI
vÈ! #"%$»x$Ì"  ! *Yu¿x£y{|Px$ ³È9y -/È " & S(  0 $%J 'Vf    Q+ 5¡µ¹³%#·O¥Y@N0 $56 8 l :'tf  7
BSg· #@Bj]NO@ªX,W[T _ VOQT,JKMPI7T@ _ AJRIVaT,JKMPILRVa[@BLRX
	8 $@('01e:P%f|(  d8 Ë  $O  JMO  J P 'fhL  d $@('MJ
OQPAR  $O  'MJMOQPASR  $O  ' f|( 3 $@('MJ P f|( 8 $@('Mj
7BSg· #T@ _ AJRIVaT,JKMPI7ªX,W[N _ Vai > I]M7j]@LRVa[@BLRX
 3 $@('0e:Pf|(43ÊË  z0 $O  JMO  J  'fhL  d $@('MJ uf 
8 $@('
OQPASR  $O  '0iP  OQPASR  $O  '0iPkj
7BSg· #UI]M7j]@ªX,W[T _ VOQT,JKMPI7T@ _ AJRIVaT,JKMPIHLRVa[@BLRX
	3 $@ '0 (  d3 $@(' 
 ( 3 $@('
7"T@ _ AJRIVaT,JKMPI7 _ @BLRVaT,JKMPIX »¹ 
L  $@('j0e,z^fhL  Ëz	PASR  $z'f  8 $@('Mj
7BSg· #T@ _ AJRIVaT,JKMPI7ªX,W[N _ Vai > I]M7j]@BX5 »¹ 
I  $@ '01e	OfoI  Ë OQPAR  $O '9f  3 $@('E5  3 $@('Mj
 #  8 $@ ' 0 ! @H  ¶* K 5@Bj]NO@ªX,W][sT _ VOQT,JKO@T+  #  3 $@(' 0 ! @H  ¶* R !I]M7j]@ªX,W][sT _ VOQT,JKO@T+
d]JRAJRLRV _ TM@Bj]NO@ªVOjjJKT,JKO@¨N _ Vai > _ @S _ JKT@XZ;X,T@BAX±MPW _ VOJRA JRX´TMj@³I]@$V ªB¥(­! ¹sO¡ ¸·O¹aª ª¤P¥¦§s
 _ MPA  > JRQ > JKT@BAX9V _ @«X,W][T _ VOQT@Bj WIT,JRLT > @ XZ;X,T@BA XTMOi³XS Ä T,X9IM;j]@BXVOIj¨@Bj]NO@BXQSV _,_ Z¨LRVa[@BLRXH _ MPA

  "! $  3 $@('E5  8 $@('' $@Bj]NO@ªX*W][T _ VOQT,JKO@°XZ7XT@BAX 'M _  _ MPA 
  "! $  3 $@('E5  3 $@('E5  8 $@ ''$¸X,W][T _ VOQ
T,JKO@5XZ;X,T@BAX!'
vÈ! #"%$»x$Ì" ! Í #sÈlÊ{"üÍ$w Yuüxzy{s|Ox$ ³È#³yz{²yzÈlËy$»xÈ9wSÉ¿wSxÈ °w " !¸µ¹³ #·O¥ 0 $J 'f    v7
BSg· #@Bj]NO@ªX,W[T _ VOQT,JKMPI7T@ _ AJRIVaT,JKMPILRVa[@BLRX· # 





P¹ v7SB+· #UX,W][T _ VOQT,JKMPI7T@ _ AJRIsVaT,JKMPIHLRVa[@BLRX!· # 
  $  'j0 
  !
	8 $@('5 	3 $@ '
0 $%J 'f ! « Ñ@BjNO@ªX,W][T _ VOQT,JKO@Ã  #  @  0 $5  6 8  l :  'MJM@  0 $5  6 8  l :  'f&




 +:+~ þ¥(-RO¥b@Bj]NO@ªX,W[T _ VOQT,JKO@P¹ B¢£S¥¬v¥(-R5;aO¹± ¤ª S¡¥bP¶B¡ ¸·O¹a¦ªS¥­! »¹³O¡ ·P¹&K ( þ©þ;·£S ¹a
¶  lB¹+¹s· l K ( ç5O¥5¹s·Og11l )S¬P¹¬·P7S¥¥-K:+
<0 $J 'f    «  "X,W][sT _ VOQT,JKO@g  #' ü¥-K5O¥3 z¤lª B¡¥¦P¶¡ »¢a·O¥'¹s· l	B¡¥¦l¶B¡ ¢£  @  0 $5  6
8  l :  'MJM@  0 $5  6 8  l :  'f  
$ $O  JMO  J P 'fhL  d $@  'MJMOQPAR  $O  'MJMOQPASR  $O  ' f|( 3 $@  'MJ P f|( 8 $@  ''
 $ P%f  3 $@  '!Pf|( 3 $@  ''
 +:+ S¢aS¥¬¥ R;£5B¡¥¦l¶B¡ ¸·O¹a¦ªS¥­5 ¹sO¡ ¸·O¹ Î ( ¿©þ; ¶S9 Ñ¹s·Og11 )B¬O¹¬v·O7B¥¥(-R	+
;ü]S¹ l¸µ~¹³57"T@ _ AJRIVaT,JKMPI7ªX,W][sN _ Vai > · # ·**5] ª¤P¥¦§s· # 
  0 $I  0 
 "!
I  $@('MJML  0 
 "!
L  $@('MJMOQPASR  Ë 3 '
;ü]BSU· # @Bj]NO@ªX*W][T _ VOQT,JKO@9¤O¥b§¼¥S©¥ »ª3¬ªS­'3 Ñ3¶* R       Q+V;ü73SS"· #3 X*W][T _ VOQT,JKO@
¤P¥¦§s¥S©¥ »ª¬zªS­' Ñ¶( K      Q+`_99;P¢£   !      Q+ ;ü]7¹ ·P¹· # ¤l	¦1O »¡ ¢£¼O¹ 
B¡¥¦l¶B¡ ¢£o¤O¥b§²¥S©¥ ª¬zªB­'9 Ñ9¶* R ´7¶Îa*· #@ > VOWXT,JKO@N _ Vai > _ @S _ JKT@9X,Z;XT@BAX     0
   5     Q+
Ä IV'X,W][T _ VOQT,JKO@"N _ Vai > _ @S _ JKT@.XZ7XT@BA @BVOQ > _ WLK@UAVZ3AVOIJKi³WLRVaT@V _ [sJKT _ V _ Z3I]M;j@BX VOIj3@BjNO@BXS@]Q@SiT
T > VaT½JKT"VOLRX,Mj]@BLK@ST@BX! ªS­'Ã _ MPA T > @'T@ _ AJRIVaT,JKMPI]ªX,W][N _ Vai > ÃfgT.LRVaT@BXT. > @BI9T > JRX.X,W][N _ Vai > JRXU@BAiTªZvT > @
XZ7XT@BAT@ _ AJRIVaT@BXS Ä IVOI@Bj]NO@ªX,W[T _ VOQT,JKO@"X,Z;XT@BA@SO@ _ Z _ WLK@Ãj]@BLK@ST@BXVaTLK@BVOX,T MPI]@' z¤l "JKT > V¾LRVa[@BL7 _ MPA
 8 $  ' _ MPA T > @¾T@ _ AJRIVaT,JKMPI7ªX*W][N _ Vai >  =U> @¾X@ST  3 $  '+AVBZ[@.@BAiTªZO U@BIQ@¾T > @BX@XZ7XT@BAX+M _ A T > @
QMPWIT@ _ isV _ TMO @Bj]NO@ªVOjjJKT,JKO@5XZ;X,T@BAXS
 ¿È;Ì³yzÈ   !  È7y y$?"ü{]x$ÌE"ÁÌ    "g& B#( 0 $%J 'f     Q+!ªB¥(­! ¹sOª!·O¹5µ¹ ª +
 #   0 $I  JML  JMOQPAR  '     7vªB¥(­! ¹sO¡ ¸·O¹aª ª¤P¥¦§sÁ· # kP¹     Ñ7SS¾· # S¡¥bP¶¡ ·O¹
ªB¥(­! ¹sO¡ ¸·O¹ K * å*+)lS¥ »¢£O¡ ¸·O¹° »¹ ¨;£'O+­·£Ë   ËË I  Ë  ª¦§+
yÌÌ,} => @oI;WA5[@ _ MO½I]M7j]@BX!JRI    ¯JRXË I  Ëã~VOIj´T > @HIWA5[@ _ MO"@Bj]NO@BX3UJKT > Ë  8 $  'PËþ@Bj]NO@
X,W[T _ VOQT,JKMPI7T@ _ AJRIVaT,JKMPIoLRVa[@BLRXÃJRXÃVaTÃA3MPXTË  8 $  'PË %Ë I  Ë   =U> WX~T > @¾LK@BI]NOT > MOþVOIlZj]@ _ JKaVaT,JKMPIoJRI  AVZ
[@VaTUAMPXTÁË   Ë EË I  Ë  
f.X+@7VOAisLK@"QMPIsX,JRj]@ _  JKNPW _ @    Ä  _ WsLK@  54x­5JRX _ @SO@ _ X@Bj] JKNPW _ @¾mjsJRXisLRVBZ7XgVOI@]VOA3i³LK@"j]@ _ JKaVaT,JKMPI
JRI _ @SO@ _ X@jJ _ @BQT,JKMPI@BVOQ > _ @S _ JKT@XT@Si9JRXU@Bj]NO@ªX,W][T _ VOQT,JKO@O
  Q  wBÈ  -/?"üÈwBw
8 > VOWsXT,JKO@N _ Vai > _ @S _ JKT@XZ7XT@BAX _ @BLKZÁMPI$T > @9¸VOQTT > VaTVOLRL.JRA3isLRJRQSJKT _ @Bj]@7@BXJRI²T > @ > MPXTN _ Vai > V _ @
_ @BjsWQ@Bj«XT@Si [Z°XT@Siü => @ _ @S _ JKT@i _ M7Q@BX,XJRX'VOLK+VZ;X5T,JK@Bj¼TMVHT@ _ AJRIVaT,JKMPI7ªX,W[N _ Vai >  > JRQ > JRX'@BJKT > @ _
QMPAisLK@ST@Bj¼M _ QMPIX,WA@Bj 8j]NO@ªVOjjsJKT,JKO@XZ7XT@BAX¾Q _ @BVaT@I]@S _ @Bj]@7@BXSü[³W]T¾T > @ _ @V _ @VaTA3MPX,TVOXAVOIZ
_ @Bj@;@BX!VOX'T > @I;WA5[@ _ MOÃ@Bj]NO@BX!JRI«T > @T@ _ AJRIVaT,JKMPI7ªX,W][sN _ Vai > d7W[T _ VOQT,JKO@ _ @S _ JKT@vXZ;X,T@BAXV _ @@SO@BI
AM _ @ _ @BXT _ JRQT@Bj T > @SZ5j]M¾I]MOTQ _ @BVaT@ _ @Bj]@7@BX [sW]T MPILKZ5j]@BXT _ MzZT > @BA9 => @ _ @S»M _ @~@ > VOWXT,JKO@ÃN _ Vai > _ @S _ JKT@
XZ7XT@BAX.QSVOI¼MPILKZ9[@WX@BjTMHXi@BQSJKZVOLKNOM _ JKT > AX½ > JRQ > i@ _ »M _ A V³IJKT@I;WA5[@ _ MO+VOQT,JKMPIXj]@Si@BIjsJRI]N
MPIÁT > @HX,JKS@HMO.T > @ > MPXTN _ Vai >  Ä I´¸VOQT3T > JRX3JRX3T > @HQSVOX@HM _ AVOIZ QM7j]@oMOiT,JRAJKBVaT,JKMPIXS+@BXi@BQSJRVOLRLKZ´»M _
QM7j]@3A3MOT,JKMPI«VOIj _ @SisLRVOQ@BA@BIlTVOLKNOM _ JKT > AX"VaT@ _ QSVOLRQSWLRVaT,JRIN9T > @isLRVOQ@BXMO+QM7j]@T _ VOIsX»M _ AVaT,JKMPIXSüT > @SZ
i@ _ M _ A T > @¾T _ VOIsX»M _ AVaT,JKMPIoM _ @BVOQ > MOYT > @isLRVOQ@BXMPIsQ@O => WXgT > @SZ _ @BjWQ@V3I;WA5[@ _ MO _ @Bj@;@BXÃ > JRQ >
JRX'i _ MOiM _ T,JKMPIVOL TMT > @X,JKS@MOÃT > @ > MPXT'N _ Vai >  VOIj¼T > @T _ VOIX,»M _ AVaT,JKMPI¼XTMOisX5VaT@ _ VH³IJKT@I;WA5[@ _ MO
VOQT,JKMPIXB
 ^ LRWsmOni _ @BX@BIlT,XVT@ _ AJRIVaT,JKMPIÁQ _ JKT@ _ JKMPIÁ > JRQ > JRX3VOLRXM°[sVOX@Bj´MPIÁX*W][T _ VOQT,JKMPI $¸QSVOLRLK@Bj¶*·O¹]7­"§³¡ »¢a
N _ Vai > _ @S _ JKT@XZ7XT@BAX ', => JRXQ _ JKT@ _ JKMPI±JRXAM _ @3NO@BI]@ _ VOLT > VOI¼MPW _ X[@BQSVOWX@JKT'Q > V _ VOQT@ _ JKS@BX!T > @3@]VOQT
QMPIjsJKT,JKMPIXM _ V½N _ Vai > _ @S _ JKT@ÃXZ7XT@BATM¾[@~T@ _ AJRIVaT,JRI]N]2"M+@SO@ _ ;JKTJRX [sVOX,@Bj!MPI'@BVaT,W _ @BX MOj]@ _ JKaVaT,JKMPIX
VOIjI]MOT+MPI»@BVaT,W _ @BX~MO _ WLK@BX+VOLKMPI]@O => JRX+JRXgJRIjJRXi@BIX*Va[sLK@M _ WsX@"JRIvVOIMOiT,JRAJKS@ _ NO@BI]@ _ VaTM _ [@BQSVOWX,@"T > @
NO@BI]@ _ VaT@Bj VOLKNOM _ JKT > AXA!WX,T¾T@ _ AJRIVaT@MPI«VOIZ¼JRI]isW]T¾N _ Vai >  ^ LRWA3i*&åX¾Q _ JKT@ _ JKMPI VOLRX,MWX@BX'A!WLKT,JÎN _ Vai > X




  ¾++* "-  t«%" b ³s
Ä +VHT@ _ AJRIVaT,JRINoN _ Vai > _ @S _ JKT@XZ7XT@BAJRXI]MOTQMPI-"³W@BIlTSþJKTj]@BLRJKO@ _ X'VHQM _,_ @BQTSþ[sW]TV _ [³JKT _ V _ JRLKZX@BLK@BQT@Bj
_ @BX*WLKTS+c.T@BI9JKT+MPWLRjo[@WX,@SWLTM > VBO@V3T@BQ > IJR\;W]@'TMVOW]TMPAVaT,JRQSVOLRLKZHX,@BLK@BQTUMPI]@MO T > @BX,@O = MT > JRX@BIj
+@'T _ VOIX@ _ T > @!QMPIQ@SiT.MOÃ¡¥¦O¡  µ~¶(O¡ ·P¹H _ MPA 	  "$  	  UJKT > I]@SNPVaT,JKMPI 'TMN _ Vai > _ @S _ JKT@
XZ7XT@BAX  eE =   m£[Ãd7T _ VaT,JÎ³QSVaT,JKMPIM _ j]@ _ XUT > @ _ WsLK@BXUJRITMVLRJRX,TUMO _ WLK@X,@ST,X $T > @¡¥bO',® > @BIHT > @ _ WLK@BX
V _ @5@7@BQSW]T@BjVOLKMPI]NvT > JRXUM _ j]@ _ T > @SZHZ;JK@BLRjMPI]@!WIJR\;W]@ _ @BX*WLKTS Ä IVLKMOT.MO QSVOX@BX½T > JRX"T,W _ IXUMPW]T"TMZ7JK@BLRjV
_ VaT > @ _ IVaT,W _ VOLX@BAVOIT,JRQSXMOþT > @ _ @S _ JKT@XZ7XT@BAH
d7T _ VaT,JÎ³QSVaT,JKMPIÁT,V O@BXj]@Si@BIj@BIQSJK@BXMOUT > @ _ WLK@BX5JRIlTM°VOQSQMPWITS°® > JRLK@vJRI  E	  " T > @BX@oV _ @MPILKZ
jW@TMoI]@SNPVaT,JKMPI¿JRIN _ Vai > _ @S _ JKT@5XZ7XT@BAXUT > @SZV _ @5VOjsjJKT,JKMPIVOLRLKZQSVOWsX@Bj[ZHV _ [³JKT _ V _ Z9AVOIJKisWLRVaT,JKMPIMO
JKT@BAXS)"@ _ @T > @AV£`bM _ JRj]@BVJRX'TMj]@S»@ _ T > @VaiisLRJRQSVaT,JKMPI´MO _ WLK@BX'T > VaT!j]@BLK@ST@MO[]`¦@BQT,X5M _ WX@I]@SNPVaT,JKMPI
 J _ XTU~@@BIsLRV _ NO@T > @'V7JKMPA VOXUA!WQ > VOXUiMPX,X,JK[sLK@OT > @BIo~@'VaiisLKZvI]@SNPVaT,JKMPI _ WLK@BXSVOIjvIVOLRLKZv~@@7@BQSW]T@
_ WsLK@BX"T > VaT½j@BLK@ST@5MO[`¦@BQT,XS.X,JRI]NT > JRX > @BW _ JRX,T,JRQ+@V _ @5Va[³LK@5TMoVaii³LKZHA3M _ @ _ WLK@BX"T > VaT¾QMPIXT _ WsQT"M _ T@BXT
X,W[N _ Vai > XB®°@QMPIQSLRWj@5T > VaTX,W][N _ Vai > X½V _ @Va[sX@BIT¾MPILKZJK~T > @SZ _ @BVOLRLKZQSVOIsI]MOT¾[@5j]@ _ JKO@Bj¿i _ @S@ _,_ JRIN
LKMPI]NO@ _ j]@ _ JKaVaT,JKMPIXMzO@ _ X > M _ T@ _ MPI]@BXB
  £(¢ 	 
  a ¬ ¬ ¾¨  ¨(¬ +ª  	 ¨G§     §  
f _ WLK@MOÃVoN _ Vai > _ @S _ JKT@XZ7XT@BAAVBZ > VBO@X@SO@ _ VOL @@BQT,X'MPI¼VHI]M7j]@3j]MPAVOJRI°M _ V _ @BLRVaT,JKMPI5ª *b '
T@BXT"Va[sX@BIQ@ *b¹³ª¤lO¡ ·P¹S¸¹('Y1*b 'zVOIjl KBª *  '~fj]@Si@BIj@BIQZ3[@STª+@S@BIoTª+M _ WsLK@BXÃQMPIX,JRXT,XÃMO V!isVOJ _
MO+T > @BX@3@@BQT,XSþ@O N]~11 ¦1³PM _ 1B  RSª1a => @BX@!isVOJ _ X»M _ A _ @BLRVaT,JKMPIX[@STª+@S@BI¼T > @ _ WLK@BXVOIj
Xi³VOIHW]ioT > @¥-K ¦§7B¹ lS¹³¶B¬5¤P¥¦§ *4   '.MO VN _ Vai > _ @S _ JKT@XZ7XT@BAH
vÈ! #"%$»x$Ì" !  -/È9ÍþÈ ÈS"üÍYÈ "ü|OÉ #³yz{ ! Z  " "g& B(	20 $J 'hf    E @6f %J Pf (Y+ & S  g01e*J AJ1& Jj ('BSg· #¥ KO¡ ·P¹7 (S¡©*B¹¥(-R'O¹  K * å l¸µ¹ o£#S· Î·O©þ
 $@:J P '`"P%f|(  / 3 $@('5|e:P7Ëz)foL  /  $@('MJ PQ0z:PASR$z'MJMOmz >A Mz& $z'0"#SçS	j
O $@,J P '`  z=fhL  /  $@ 'MJ PQ0 z	PAR$z 'MJMOmz >ATz& $z '90¡¥(
A $@,J P 'j  P%f|(  $@('
& $@,J P '¼ P%f|(  d $@('
;ü7 #S· Î·O© ¹¤)l¡µ¹³3SB~· #¥-K lb§7S¹ lS¹s¶¬¥ KO¡ ¸·O¹7#S·O¥§;O ¥· #'	½,¶BmJ`f   O¹ ¡© ·¥(-R
@  JM@  f  







  7¹ 























  O¥3¶( R XT _ VaT,JÎ³Va[³LK@T+;ü75¥ KO¡ ¸·O¹

   '¶* K !I]MPI7ªXT _ VaT,JÎ³Va[sLK@T+_H »}(43 0O¹ (48 0e JMOJ AaJ1&aj  7 _ WLK@j]@Si@BIj@BIQZN _ Vai > $¸h E '· #   Ñ7Y(Y¸¤P¥¦§s















=U> @v _ XT!QMPA3iMPI]@BIT!MO.V°j@Si@BIsj]@BIQZ«Xi@BQSJÎs@BX!T > @o@ @BQT3MO.T > @v _ XT _ WLK@vMPIºV°I]M7j]@oj]MPAVOJRI±M _
_ @BLRVaT,JKMPI¿T > @5X,@BQMPIjQMPA3iMPI]@BITUT > VaT½MO T > @!X@BQMPIj _ WsLK@O 8 N]JK

 $@  JM@  ' > MPLRjX"»M _ XMPA@ _ WLK@BX @  JM@  T > @BIT > @{@  T@BXT,X½VI]M7j]@'M _ @BjNO@5LRVa[@BLþ > JRQ > @  j]@BLK@ST@BXS¾f XT _ VaT,JÎ³QSVaT,JKMPI~MPWsLRjVaisisLKZh@  JRIVOI@BV _ LRJK@ _
XT _ VaT,WA T > VOIK@  [@BQSVOWX@^@  i _ @SO@BIlT,XV@   _ MPA [@BJRI]N3VaiisLRJK@Bj¿+d;T _ VaT,JÎ³QSVaT,JKMPI _ @BLRJK@BXUMPIoT > @¸VOQTUT > VaTUMPILKZ
MPI]@ _ WLK@JRIlOMPLKO@BjÁJRI±VOI MO@ _ LRVaiºj]@BLK@ST@BX5T > @ _ @Bj]@¼MOUT > @MOT > @ _!_ WsLK@O => @BI _ WLK@VaisisLRJRQSVaT,JKMPIXAVZ°[@
M _ j@ _ @BjHX,WQ > T > VaTUQMPIsQ@ _ IJRI]N3MPI@ _ WLK@¾@BJKT > @ _ I]MM _ VOX"AVOIZ _ @Bj]@7@BXUVOXiMPX*X,JK[sLK@V _ @j@BXT _ MZO@Bj¿
= Va[sLK@pX > M"X > Mz T > @ > @BW _ JRXT,JRQ > VOIjsLK@BX¾T > @jJ @ _ @BITQMPA5[sJRIVaT,JKMPIXMO _ WLK@@ @BQT,XB VOIsj° > JRQ > MO




















> V _ ALK@BX,X I]MOTJRIHh E
T@BXTbªVOjj






 XT _ VaT,JÎ³Va[sLK@ @   _ XTI]@SNPVaT,JKMPI7T@BXT

 




> V _ ALK@BX,X I]MOTJRIHh E
I]@SNPVaT,JKMPI7ªVOjj

  XT _ VaT,JÎ³Va[sLK@ @   _ XTS

  JRI9h EI]@SNPVaT,JKMPI7ªj]@BLK@ST@

  XT _ VaT,JÎ³Va[sLK@ @   _ XTVOjj7T@BXT

 NO@BI]@ _ VaT,JRI]NVOjj7ªI]@SNPVaT,JKMPI

  XT _ VaT,JÎ³Va[sLK@ @   _ XTVOjj7ªVOjj

 NO@BI]@ _ VaT,JRI]NVOjj7ªj]@BLK@ST@

 XT _ VaT,JÎ³Va[sLK@ @   _ XTj]@BLK@ST@T@BXT















 I]MPI]ªXT _ VaT,JÎ³Va[sLK@
= Va[sLK@p .@Si@BIj]@BIsQSJK@BXÃ[@STª+@S@BI _ WLK@BX




 'j]MI]MOTÃLK@BVOjoTMMzO@ _ LRVaisXS UMz~@SO@ _ T > @SZ > VBO@TMv[@QMPIX,JRj@ _ @BjJRI9T > @!XT _ VaT,JÎQSVaT,JKMPI[@BQSVOWsX@'T > @SZoNO@BI]@ _ VaT@ _ @Bj]@7@BX.»M _ MOT > @ _½_ WLK@BXS

 JRX"QMPIsX,JRj]@ _ @BjJRIHJKT,X"JRIlO@ _ X@M _ A

 d7T _ VaT,JÎ³Va[sLK@!j]@Si@BIj]@BIQSJK@BX.JRIjJRQSVaT@5T > VaT.T > @BJ _½_ WLK@BX"AVBZoM _ A MO@ _ LRVai³XS¿JRI9 > JRQ > T > @'VaisisLRJRQSVaT,JKMPIMO
MPI]@ _ WLK@j]@BXT _ MzZ;X'T > @ _ @Bj@¼MOÃT > @MOT > @ _ Y[sWTI]MOT7JRQ@O@ _ X,V7 => @ > @BW _ JRXT,JRQJRXTM _ XT¾@7@BQSW]T@vT > MPX@
_ WsLK@BX > JRQ > VOjj«X,W][N _ Vai > XS¿MPLRLKM+@Bj±[ZT > MPX@ > JRQ > T@BXTMPI«I]MPI7@]JRXT@BIQ@MOgX*W][N _ Vai > XSüVOIjIVOLRLKZ















  ', => JRX"XT _ VaT@SNOZ _ @ST,VOJRIX _ @Bj@;@BX.M _._ WLK@BXU > JRQ >T@BXTÃT > @.@]JRXT@BIQ@MOYX,W][sN _ Vai > XS hUWsLK@BXgT > VaTgT@BXTI]MPI7@]JRXT@BIQ@¾MOþX,W][N _ Vai > X~V _ @VaiisLRJK@BjoLK@BX,XS f.XÃAVOIZ
X,W[N _ Vai > X"VOX½iMPX,X,JK[sLK@5V _ @5j@ _ JKO@Bj _ MPA T > @!V]JKMPAHVOIjT > @5IMPI7@7JRX,T@BIQ@!MOVX*W][N _ Vai > JRX½QMPIQSLRWj]@Bj
MPILKZ3JK¿JKTgJRX _ @BVOLRLKZI]MOT~j@ _ JK£Va[³LK@U _ MPA T > @"V]JKMPAH => WX T > @.XT _ VaT,JÎ³QSVaT,JKMPIvi _ M;Q@BX*X Z7JK@BLRjX~V _ VaT > @ _ IVaT,W _ VOL
X@BAVOIlT,JRQSXUMOYT > @ _ @S _ JKT@'XZ;X,T@BAH
=U> @j]@Si@BIj]@BIsQZ

 JRXUI]MOT"XT _ VaT,JÎ³Va[sLK@'[@BQSVOWX@'JKT,X _ WLK@BX"AVBZi _ M7jWQ@¾MzO@ _ LRVaisX½JRIH > JRQ > T > @VaiisLRJÎQSVaT,JKMPIoMOü@BVOQ > _ WLK@½j]@BXT _ MZ7XgT > @ _ @Bj]@MOüT > @"MOT > @ _ $¸A!W]T,WVOL³@]QSLRWX,JKMPI ', =U> JRX~A@BVOIX~T > VaTÃI]M _ @BVOXMPIVa[sLK@
M _ j@ _ »M _ V3XT _ VaT,JÎ³QSVaT,JKMPIQSVOIH[@¾MPWIj
  £   d§ +ª§%¨ ?ª§+¨G¥¬ ¥
^+ª  	 ¨[§     §  
=> JRXX@BQT,JKMPIºNPJKO@BXV¸WIjsVOA3@BIT,VOL~T > @SM _ @BA Va[MPW]TI]M _ AVOLM _ AX!JRIÁXT _ VaT,JÎs@BjÁN _ Vai > _ @S _ JKT@HXZ7XT@BAXB
f.LKT > MPW]N > VX,T _ VaT,JÎs@BjoN _ Vai > _ @S _ JKT@XZ7XT@BA AVBZI]MOTÃ[@½QMPIO@ _ NO@BITS³JKT,X _ WLK@BXÃQSVOIo[@½M _ j]@ _ @BjoX,WsQ > T > VaT
V3X*JRI]NPLK@I]M _ AVOL»M _ A _ @BX,WLKT,XS
vÈ! #"%$»x$Ì" ! xzyz{]x$/ |P{]x$ÌE"±Ì"{   "7& B;( 0 $%J 'f    Q+5 ¡¥bO¡  µ~¶*P¡ ·O¹±· #   Ñ'§;O¥¡ 
¡ ¸·O¹¼· #   ¹·o Î Ñg· #¾SB5· #¥-K *XT _ VaT,V '    J	J  ? S·v;Og7 #S· Î·O© ¹¤o¶(·O¹ O ¡ ¸·O¹77·  #·O¥'7¥ KO¡ ¸·O¹7!· # : `F5$  '
& S;*V@  JM@  f  +  # @  f   @  f&B 7S¹
U + 

 $@  JM@  'ûYû ì£ß5S"45<"<
p    þ© ­O¹¹
W +

 $@  JM@  ' 

 $@  JM@  '0 
n +

 $@  JM@  ' 

  $@  JM@  ' 

 $@  JM@  ' 

  $@  JM@  '%0 
 #U]S¥½ Ñ½¡¥¦P¡  µ~¶(O¡ ¸·O¹ #S·O¥!º  "¶* R ¾X,T _ VaT,JÎ³Va[sLK@T+;ü7UBS· #" ]¡¥¦P¡  µ~( RU¤O¥b§¥bB©¥( ª"¬zªS­'
  '¶* R $ 	  ! m+
egMPIjJKT,JKMPIvp @]QSLRWj]@BXþT > VaTþV"XT _ VaT,JÎ³Va[sLK@+N _ Vai > _ @S _ JKT@+XZ;X,T@BAQMPIT,VOJRIX I]MPI7ªX,T _ VaT,JÎ³Va[sLK@ _ WLK@BXSe+MPIjJÎ
T,JKMPIoCA@BVOIX T > VaT~JKT > @ _ @.JRX~V'NO@BI]@ _ VaT,JRIN5j]@Si@BIj@BIQZ![@STÕ~@S@BIV _ WLK@t@  VOIjV _ WLK@V@  T > @BIZ@  A!WX,T [@
@SaVOLRWVaT@BjJRI9T > @X,VOA3@'M _ JRIVLRVaT@ _ XT _ VaT,WA T > VOI|@  Ue+MPIjJKT,JKMPIr3A@BVOIXÃT > VaT½JK T > @ _ @'JRX.VX,T _ VaT,JÎ³Va[sLK@
j]@Si@BIj@BIQZv[@STÕ~@S@BIg@  VOIj @  ³T > @BI @  A!WXT[@'@S£VOLRWVaT@Bj°JRIVLRVaT@ _ X,T _ VaT,WA T > VOI @   8~\WJKaVOLK@BIT"TM
T > JRX~QMPIjJKT,JKMPIJRXSlT > VaT~@Bj]NO@BXJRI3T > @ULKM;MOisX MOT > @Uh
E¨A!WXT I]MOT[@X,T _ VaT,JÎ³Va[sLK@.j]@Si@BIj]@BIQSJK@BXS Ä XM] _ WLK@BX
T > VaT!j]@BLK@ST@isV _ T,XMOÃT > @N _ Vai > M _ T@BX,T'T > @I]MPI7@]JRXT@BIQ@MOÃisV _ T,XS j]@Si@BIj _ @BQSW _ X,JKO@BLKZ°MPI @BVOQ > MOT > @ _ 
=> @BIoMPW _ XT _ VaT,JÎ³QSVaT,JKMPI > @BW _ JRXT,JRQ¾QSVOIIMOTÃ³IjoVOIo@7@BQSW]T,JKMPIM _ j]@ _ 
 ¿È;Ì³yzÈ   ! xzyz{]x$/ È;Íº|PÌE"È;y#sÈ "ü|PÈ "y& B:* <0 $%J 'f  	  ! ~O¹ "  0    J  J  "¡¥bO¡ µ~¶(O¡ ¸·O¹°· # 4+ & B~S¢aS¥¬   f   ªS¥­! »¹sPª	+ sz§P§7·£SB¢£S¥¬¥ R'· #   P·¾¹³·O #S·O¥­ ·O¢aS¥ Î§s© »o »B  #·O¹ +c;ü7B¹   ¬£ ¡  £'7¹ 
B'¹s·O¥­!#S·O¥­{+
³§l§;·£SS¢aS¥¬3¡¥¦P¡;­   f   ;£o7¹ 
5¹s·O¥­!0#S·O¥­+`;ü]S¹& Ñ!¶* K XT _ VaT,JÎ³@Bj7ªQMPIlO@ _ NO@BIlT:+ #!75¡¥¦PO¥¶*·O­"§³7ª 9 »¹°¡¥bO¡  µ+¶*O¡ ¸·O¹Á·O¥ lS¥ U  U§³¥b·B¶(*!S K*¶Bv ¹¤K!¹³·O¥(­#S·O¥­#·P¥ 97
XT _ VaT,JÎs@Bj9I]M _ AVOL»M _ A|+
yÌÌ,} f.LRLX,T _ VaT,V5MO¼V _ @½VOX*X,WA3@BjTM!T@ _ AJRIsVaT@O®JKT > JRIoV5XT _ VaT,WsAkMPIsLKZ > V _ ALK@BX,X+VOIjNO@BI]@ _ VaT,JRI]N
_ WsLK@Hj]@Si@BIj]@BIQSJK@BX!V _ @HVOLRLKMz~@Bjºh"WLK@BX!UJKT > X,WsQ > j]@Si@BIj@BIQSJK@BX!I]@SO@ _ M _ AÀMO@ _ LRVai³XS+J¸ @OT > @BJ _ jJ _ @BQT
j]@ _ JK£VaT,JKMPIX"V _ @VOLKgVBZ7X½JRIj]@Si@BIj]@BITS f"jsjJKT,JKMPIVOLRLKZO³JK @BVOQ > _ WLK@'j]M@BXUI]MOTM _ A MO@ _ LRVaisXU"JKT > JKT,X@BLK:$T > JRX
JRXVaT LK@BVOXTT > @gQSVOX,@JK³JKT,X _ @Bj@;@BXj]M½I]MOTMzO@ _ LRVai ',VOLRL7i³VOJ _ XþMOjJ _ @BQT j@ _ JK£VaT,JKMPIsX  _ MPA _ WLK@BX JRI!T > @ÃXT _ VaT,WA
AVBZ[@¾JRIT@ _ Q > VOINO@BjHjJ _ @BQT,LKZO =U> WX+T > @X,T _ VaT,WA JRXÃXT _ MPIN!QMPI"³W]@BITgVOIsjvUJKT >  $U@S lCZ;JK@BLRjXÃVWsIJR\W@
I]M _ AVOLM _ AH
Ä ¿VOLRLsX,T _ VaT,VMO °Z;JK@BLRjVWIsJR\W]@"I]M _ AVOL»M _ A9lVOIjJKT > @"XT _ VaT,V'V _ @.QMPA3isWT@Bj3JRIX,T _ VaT,JÎ³QSVaT,JKMPIM _ j]@ _ 
VOLRXMT > @¾ > MPLK@'j]@ _ JKaVaT,JKMPIHi _ M7Q@BX,Xj@BLRJKO@ _ XUV3X*JRI]NPLK@I]M _ AVOL»M _ A9
=U> @UVa[MO@ > @BW _ JRXT,JRQJRX~V¾NO@BI]@ _ VOLRJKBVaT,JKMPIMOT > @XT _ VaT,JÎ³QSVaT,JKMPIMO  E	  "TMN _ Vai > _ @S _ JKT@UXZ7XT@BAXB
=> @ _ WLK@3j]@Si@BIj]@BIQZ9N _ Vai > MO~V  	  ";i _ MON _ VOA _ @BX*WLKT,X¾VOXVvXi@BQSJRVOL QSVOX@MO+MPW _ h E VOIsjMPILKZ
QMPIT,VOJRIX _ @BLRVaT,JKMPIX"JKT > 11BVOIj¼¹³Õ¤PO¡ ¸·O¹P@ @BQT.MPIo@Bj]NO@BX  eE =   maV 
® > @ _ @BVOX"T > @X,T _ VaT,JÎ³QSVaT,JKMPIi _ M7Q@BX,XUj]@BVOLRXU~@BLRLüUJKT > MzO@ _ LRVaisX"[@STÕ~@S@BIjJ @ _ @BIT _ WLK@BXSsT > @Va[sX@BIsQ@MO
MzO@ _ LRVaisX¾M _ X*JRI]NPLK@ _ WLK@BX.QSVOIMPIsLKZH[@'j]@BQSJRj]@BjJKV > MPXT.N _ Vai > JRX.NPJKO@BI Ä  V _ WsLK@'j]@BLK@ST@BX¾JKT@BAX.VOIsjQSVOI
[@¾VaiisLRJK@BjHQMPAi@ST,JKT,JKO@BLKZMPIoTÕ~MMO@ _ LRVaii³JRI]NX,W][sN _ Vai > XS;T > @BX@¾M _ A VOIvMzO@ _ LRVaiVOIjvT > @QM _,_ @BXiMPIjJRIN
XT _ VaT,WAj]M;@BXþIMOTþZ7JK@BLRj!V½WIJR\;W]@+IM _ AVOLl»M _ A9 => WX V½XT _ VaT,JÎ³QSVaT,JKMPI3MPI'T > @ _ WLK@+X,@ST AVBZ[@+iMPX,X,JK[sLK@OO[sWT
 > @ST > @ _ VXT _ VaT,JÎs@BjoI]M _ AVOLM _ A @]JRXT,XÃQSVOIvMPILKZ[@½Q > @BQ O@BjH[;ZJRIO@BXT,JKNPVaT,JRI]NT > @¾jJ _ @BQTÃj]@ _ JKaVaT,JKMPIXgMPI
T > @ > MPXT~N _ Vai >  "M+@SO@ _ ]~@"@;i@BQT+T > VaTT > JRX~j]M;@BXIMOT~jJRXT,W _ [Xi@BQSJÎ³QSVaT,JKMPIMOi _ MON _ VOA MOiT,JRAJKBVaT,JKMPIXS
f.I@;i@ _ JK@BIQ@BjWX@ _ JRXgVa[sLK@.TM5VOX,X,@ _ Tg > @ST > @ _ T > @ _ @½V _ @.MO@ _ LRVaisXÃQMPIsQ@ _ IJRI]N5MPI]@½X,JRI]NPLK@ _ WLK@.[@BQSVOWsX@ > @
7I]M"X.Va[MPW]T"T > @!X > Vai@MO T > @5JRIT@ _ A3@BjsJRVaT@ _ @Si _ @BX@BIT,VaT,JKMPI 8 O@BIJK T > JRX½JRX"IMOT"iMPX,X,JK[³LK@OXT _ VaT,JÎ³QSVaT,JKMPI
_ @BjsWQ@BXÃT > @I;WA5[@ _ MOþXMPLRWT,JKMPIX@BI]M _ A3MPWX,LKZO
     !³ %.  ss~1B " .'(,)+, .-
=> JRX X@BQT,JKMPIj]@BA3MPIX,T _ VaT@BX > MzºN _ Vai > _ @S _ JKT,JRINQSVOI3[@WX@Bj3TMXi@BQSJK»ZJRAiM _ T,VOIlTisV _ T,XMOT > @ K
S¬¶*·l
­·O¡ ¸·O¹oMOiT,JRAJKBVaT,JKMPI½®°@3QMPIX,JRj]@ _ LKM7QSVOL VOIVOLKZ;X*JRXSNPLKMO[sVOL VOIVOLKZ7X,JRX¾VOIjT _ VOIXM _ AVaT,JKMPI¿"®°@!@BA3i³LKMZ9VOLRL
T > @½j]@SO@BLKMOi@BjT > @SM _ Z T@ _ AJRIVaT,JKMPIJRX+@BX,X@BIT,JRVOLVOIjXT _ VaT,JÎ³QSVaT,JKMPIHVOL _ @BVOj]ZM7QSQSW _ X+UJKT > X,JRAisLK@ _ @]VOA3isLK@BX
MOjVaT,V£4"sMzVOIVOLKZ7X,JRXS
(YVaSZQM7j]@½A3MOT,JKMPIvA3MzO@BX+JRIT@ _ A@BjJRVaT@½@;i _ @BX,X,JKMPIX+UJKT > JRIV'i _ M7Q@BjW _ @O Ä T,X+VOJRA JRX+TM _ @BA3MzO@.§;O¥¡ 









 JKNPW _ @p? Å Mz;JRINVOI¼JRI£V _ JRVOIlT@7i _ @BX*X,JKMPI°MPW]T¾MOÃVoLKM;MOi¿  WXZQM;j]@3AMOT,JKMPI°UJKT > jMOTT@Bj¼@Bj]NO@OþLRVaSZ
QM7j]@AMOT,JKMPIoUJKT > jVOX > @Bjo@Bj]NO@
> JKN > @ _ W]i'JRIT > @~QM;j]@+VOIj _ @ªWX,JRI]N"T > @BJ _ü_ @BX*WLKT,XYLRVaT@ _ JRIT > @i _ MON _ VOAH =U> @ M _ JKNPJRIVOL;VOLKNOM _ JKT > A $¸VOLRXM½QSVOLRLK@Bj
Bl¬'¶(· l.­·O¡ ¸·O¹  Å h! am4'¿isVBZ7X@BXi@BQSJRVOLRLKZJRIV _,_ VZlªJRIT@BIX,JKO@.QMPA3isW]T,VaT,JKMPIsX[@BQSVOWX@VOjj _ @BX,Xþ@;i _ @BX,X,JKMPIX
MOT@BI9QSVOI9[@AMO@BjoMPWTMOþLKM;MOisXS
"M+@SO@ _ O[sWsXZ"QM7j]@AMOT,JKMPIJRIlT _ M;jWsQ@BXüLKMPI]NO@ _ LRJK»@T,JRA@BX¿M _ @;i _ @BX,X,JKMPI¾aVOLRW]@BXS£ > JRQ > AVZ.j@ST@ _ M _ JRVaT@
_ @SNPJRX,T@ _ VOLRLKM7QSVaT,JKMPI => @ _ @SM _ @ K
S¬¼¶(· l­·O¡ ·P¹¼gVOX3j]@SO@BLKMOi@Bj   h½d]m  Ä T!T _ JK@BXTM _ @BjsWQ@ _ @SNPJRXT@ _
M7QSQSW]isVaT,JKMPI $ _ @SNPJRXT@ _ LRJK@ST,JRA3@BX!' VOXLKMPI]NVOXgT > @¾I;WA5[@ _ MOþQMPA3isW]T,VaT,JKMPIsX+JRXÃAJRIJRAVOL¸ => JRX+JRXgVOQ > JK@SO@BjH[;Z
QMPAisW]T,JRI]N5Tª+M ;JRIjsXMOüJRI»M _ AVaT,JKMPI  J _ XT+T > @¾X,VOA3@.JRI]M _ AVaT,JKMPIvVOXgJRI[sWXZ3QM7j]@½A3MOT,JKMPIvJRXgQMPA3isW]T@Bj5
M _ @BVOQ > @;i _ @BX,X,JKMPIT > @"@BV _ LRJK@BXTgisLRVOQ@¾JRIT > @.QM7j]@"JRXgj]@ST@ _ AJRI]@Bj»M _  > JRQ > T > @"A3MPX,T _ @ªWX,@BX+V _ @UiMPX,X,JK[sLK@
VOIj9T > @AMPXTQMPA3isWT,VaT,JKMPIXUV _ @'X,VBO@Bj$,,O¥ Î ¸g »¹ #·O¥­O¡ ¸·O¹-', => @BI9LRVaSZHQM;j]@'A3MOT,JKMPIoT _ JK@BX"TM _ @ªAMO@
T > @@7i _ @BX,X,JKMPI´QMPAisW]T,VaT,JKMPI´j]M"IlgV _ jX5JRI«T > @QM7j]@O[sW]T'MPILKZ«VOX5¸V _ VOX!I]MVOjjJKT,JKMPIsVOL~QMPAisW]T,VaT,JKMPIX
> VO@TMo[@5JRIT _ M7jWQ@Bj$ ÎPª" »¹ #·O¥­O¡ ¸·O¹-', => JRX½A3@BVOIX.T > VaT½M _ @BVOQ > @7i _ @BX*X,JKMPIT > @LRVaT@BXTisLRVOQ@BX¾JRI
T > @oQM7j]@oV _ @Hj]@ST@ _ AJRI]@Bj  > JRQ > XT,JRLRLgV _ @«¶*·P­U§;P¡ ·O¹³ Î¬ ·§³¡ »­ã+[sW]T5 > JRQ > Z7JK@BLRjÁX > M _ T@BXT _ @SNPJRXT@ _
LRJK@T,JRA3@MO+T > @QMPA3isWT@Bj°£VOLRW@O => WXLRVaSZ¼QM7j]@AMOT,JKMPI«AMO@BX@7i _ @BX*X,JKMPIXWi«JRI°T > @QM;j]@VOXA!WQ >
VOXUiMPX*X,JK[sLK@%$TMX,VBO@5QMPA3isW]T,VaT,JKMPIsX!',³VOIjHT > @BI9AMO@BXT > @BA [sVOQvVOX"¸V _ VOXiMPX,X,JK[³LK@UJKT > MPW]T"jW]isLRJRQSVaT,JRI]N
T > @BA $TM _ @BjWsQ@ _ @SNPJRXT@ _ LRJK@T,JRA3@BX ',
 JKNPW _ @p3QMPIT,VOJRIX"Tª+MLKM;MOisX $bp'gVOIj $¡C('~"JKT > Tª+MLKM;MOiH@BIT _ Z > @BVOj]@ _ X$,( 5p'+VOIj $,( ½C(',Ãd7WiiMPX@
¹  ®!JRXV _ @BjsWIjVOIT @;i _ @BX,X,JKMPI3JRILKMMOivC¾VOIj3I]MOT~JRIlaVOLRJRjVaT@BjJRILKMMOipa ® > JRLK@"[sWXZ5QM;j@UA3MOT,JKMPI+MPWLRj
AMO@ ¹  ®MPW]TUMOLKM;MOi9[M7j]Z+$¡C('gW]i9JRITM (0'p'LRVaSZHQM;j]@5A3MOT,JKMPI9~MPWLRjA3MzO@JKT"JRITM (0.C; => JRX _ @BX,WLKT,X
QSLK@BV _ LKZHJRI9V3X > M _ T@ _U_ @SNPJRXT@ _ LRJK@ST,JRA3@'VOIjHV![@STT@ _U_ @SNPJRX,T@ _ VOLRLKM7QSVaT,JKMPI
c¾W _ @]VOA3i³LK@Xi@BQSJÎ³QSVaT,JKMPI _ @SNPV _ jsXMPILKZ°MPI@i _ M;Q@BjW _ @O Ä IT@ _ i _ M;Q@BjW _ VOLVOIVOLKZ7X@BX5V _ @MO»T@BI´A3M _ @
QMPAisLRJRQSVaT@BjºT > VOIÁJRIT _ Vai _ M;Q@BjW _ VOLgMPI]@BXS Ä IXT@BVOjÁMO½VaiisLKZ7JRI]N°Q > VaMOT,JRQJKT@ _ VaT,JKMPI$TM°@S£VOLRWVaT@9T > @ _ WLK@BX
Xi@BQSJRVOL~@S£VOLRWsVaT,JKMPIÁXT _ VaT@SNPJK@BX3A!WXT[@WX@Bj => WsXA3M7j]@BLRJRI]NJRIlT@ _ i _ M7Q@BjW _ VOL~VOIVOLKZ;X,@BX'"JKT > N _ Vai > _ @
 _ JKT,JRI]N«I]@S@BjXXi@BQSJRVOLXi@BQSJÎ³QSVaT,JKMPI²A@BQ > VOIsJRX,AXS²c½IºT > @oMOT > @ _ > VOIj~VOLRL 5ªXi@BQSJÎ³QSVaT,JKMPIXAM;j@BL
jJRX,T _ JK[sW]T,JKO@jVaT,V£4"sM  _ VOA3@S+M _ 7X3MzO@ _ IJKT@9iM+@ _ ªX@ST,XB ]M _ T > @BX@ _ VOA@S~M _ ;XT > @ _ @9@]JRXTvX@SO@ _ VOL
X,JRAisLK@JRIT@ _ i _ M7Q@BjW _ VOLi _ MOisVaNPVaT,JKMPI9A@ST > M7jXS7 > JRQ > QMPWLRjH[@¾VaiisLRJK@Bj  d ^   p!   d]mOC   h:¾d]mOn
 £(¢   ¨¬`¨(¬§ª§%ª ¥ 

 @SM _ @g~@Ãj]@SO@BLKMOiN _ Vai > _ @S _ JKT@+X,Z;XT@BAXüM _ i _ MON _ VOAMOiT,JRAJKBVaT,JKMPIP+@ > VBO@gTM¾j]@BX,Q _ JK[@ > M´T > @gN _ Vai > X
MO T > @5JRIT@ _ A3@BjsJRVaT@ _ @Si _ @BX@BIT,VaT,JKMPILKM;M9LRJO@O¾fjVaT,VvA3M7j]@BLMO~VOI9MOiT,JRAJKS@ _ > VOX"TMvXi@BQSJKZHVOLRLü@BIT,JKT,JK@BX





















































 JKNPW _ @pOp.VaT,VA3M7j]@BLVOX > JKN _ Vai > 
c¾W _'_ WIIJRI]N9@7VOAisLK@ _ @BLRJK@BX!MPI T > @vjVaT,VA3M7j]@BL JRI± JKNPW _ @°pOpa =U> @jJRVaN _ VOA JRX'V > JKN _ Vai >  J¸ @OVOI
@7T@BIj]@Bj«@BIlT,JKTÕZl _ @BLRVaT,JKMPIsX > JKi]ªAM;j]@BL  "V _       M 7@BX'j@BI]MOT@3MO[]`b@BQTTÕZi@BXSY > JRLK@[M °JRIQSLRWX,JKMPI j]@BI]MOT@BX
JRI > @ _ JKT,VOIQ@O => @HjsJ _ @BQT,JKMPIMO.T > @9[sJRIV _ Z _ @BLRVaT,JKMPIsXJRXJRIjJRQSVaT@Bj$[ZÁV _,_ MUXTM«T > @BJ _ T,V _ NO@STvj]MPAVOJRIXB
IåA3 _ @BLRVaT,JKMPIXV _ @j]@SisJRQT@Bj°[;ZjJRVOA3MPIj[M;@BXS~påI7 _ @BLRVaT,JKMPIX'[ZT _ JRVOI]NPLK@BXBþVOIjÁpÑp _ @BLRVaT,JKMPIX5[ZX,JRA3i³LK@
V _,_ MUXS®°@¾WX,@UMO[]`b@BQTgTªZ;i@BXB > JRQ > Vaii@BV _  _ @B\;W]@BIT,LKZ3JRIJRIT@ _ A@BjJRVaT@ _ @Si _ @BX@BIT,VaT,JKMPIXS]X,WQ > VOX[sLKM7Q 7XS
XT,VaT@BA@BIlT,X5VOIj«@;i _ @BX,X,JKMPIXSHd;@SO@ _ VOLMOÃT > @BAV _ @NO@BI]@ _ VaT@Bj [;ZT > @ _ MPIlTb@BIsj $#®E°?±²³´±² µ5¿½½  !
  ±% 	E±!½-·-®´«½; 	E±!½-· 'VOIj5M _ AT > @g[sVOX,JRX M _ T > @gMOiT,JRAJKBVaT,JKMPI3i _ M7Q@BX,XS c.T > @ _ XþV _ @ÃNO@BI]@ _ VaT@Bj[;ZT > @
MOiT,JRAJKS@ _  ¿½½   lþVOIj½    PþMO[]`b@BQT,XÃj]@BI]MOT@¾VOX,X,JKNPIA@BIlT,X+VOIjvWX@BX+MO _ @SNPJRXT@ _ X $    ½-·  ° ',lMO[]`b@BQT,X
MOgTªZ;i@ ¹º» ° 	´ %½E½j]@BI]MOT@3XZ7IT,VOQT,JRQSVOLRLKZ¼@B\WsJK£VOLK@BIT@7i _ @BX,X*JKMPIXS3f.LRXMHT > @ _ @BLRVaT,JKMPIsXV _ @3MPIsLKZisV _ T,JRVOLRLKZ
i _ M;jWsQ@Bj[;Z¾T > @~ _ MPITb@BIj$^³´±¾²-µ½+¶%·¸¾·½; ¹º» °½    ·³   E· ',Yf.LRLMOT > @ _ X V _ @+T > @ _ @BX*WLKT,XüMOsMOiT,JRAJKS@ _
QMPAiMPI@BIlT,XS¿J¸ @OYQMPA3isW]T@Bj[;ZN _ Vai > _ @S _ JKT@XZ7XT@BAXS!d;MPA@ _ @BLRVaT,JKMPIXV _ @5MPIsLKZ±pÑp _ @BLRVaT,JKMPIXSYX*WQ > VOX
   ·vVOIj  E·]MOT > @ _ XV _ @påI7 _ @BLRVaT,JKMPIXB³X,WQ > VOX³´±¾²-µ½;
d7MPA3@ _ @BLRVaT,JKMPIX > JRQ > T > @H _ MPIlTb@BIsj´NO@BI]@ _ VaT@BX > VBO@HTM«[@vM _ j@ _ @Bj $@;i _ @BX,X@BjÁ[;Z´jVOX > @Bj´[M 7@BX!',
[@BQSVOWX@oT > @HJRIlT@ _ A@BjJRVaT@HQM7j]@oMO[@SZ;XQMPIT _ MPL#"sMz¯QMPIXT _ VOJRIlT,XS Ä I±MPW _ j]@IJKT,JKMPI´MO"N _ Vai > X!+@ > VBO@
WX,@BjMPILKZ3WsI]M _ j]@ _ @Bj _ @BLRVaT,JKMPIXS "M+@SO@ _ sVOIM _ j]@ _ @Bj _ @BLRVaT,JKMPIoQSVOI[@ _ @SNPV _ j@BjVOX+VOIWsI]M _ j]@ _ @Bj _ @BLRVaT,JKMPI
MzO@ _ LRVOJRj[ZVX,@BQMPIj3MPI]@Ui _ M7JRjJRI]NT > @UM _ j@ _  => WsX~@ > VBO@.TM'AVaT,Q > [MOT > MOT > @BAkJRIV'LK@S»Tb > VOIsjX,JRj]@O
=> @VOLKT@ _ IVaT,JKO@5~MPWsLRjo[@¾TMJRIT _ M;jsWQ@¾N _ Vai > XUJKT > M _ j@ _ @Bj _ @BLRVaT,JKMPIXB~® > @ _ @BVOXUT > JRXUJRX"I]Mi _ MO[sLK@BA »M _
AVaT,Q > JRI]N]lT > @ÃQMPIXT _ WQT,JKMPI3MOsM _ j]@ _ @Bj _ @BLRVaT,JKMPIX+MPWLRjI]@S@BjV½Xi@BQSJRVOL]A3@BQ > VOIJRX,A9 => WXþ+@VOX,X,WA@T > VaT
M _ j@ _ @Bj _ @BLRVaT,JKMPIsX"JRAisLRJRQSJKT,LKZHQ _ @BVaT@'VLRJRI]@BV _ JKBJRI]NX@BQMPIj _ @BLRVaT,JKMPI > JRQ > A!WXTÃ[@AVaT,Q > @Bj9VOjsjJKT,JKMPIVOLRLKZO
=> JRXJRXÃT > @X,TªZ7LK@MO ^ hcE½h 8+d   	W _ mOn 
M _ VOI´JRA3isLK@BA@BIlT,VaT,JKMPI´T > JRX!jVaT,VAM;j]@BL > VOX5TM[@T _ VOIsX»M _ A3@Bj±JRIlTM¼VQMPIQ _ @ST@HjsVaT,Vj@BX,Q _ JKiT,JKMPI
LRVOI]NPWsVaNO@O. _ MPA  > JRQ > V WIsJK»M _ A MO[]`b@BQT > VOIjLRJRIN«isVOQ£VaNO@«QSVOI[@j]@ _ JKO@Bj Å M _ @°Xi@BQSJÎ³QSVOLRLKZO.@BVOQ >
Va[sX,T _ VOQT _ @BLRVaT,JKMPIÁA!WXT[@VOII]MOT,VaT@Bj±[Z VQMPIQ _ @ST@ _ @Si _ @BX@BIT,VaT,JKMPIÁQSLRVOX,XS = M[@Vaisi _ MOi _ JRVaT@O VjVaT,V
Xi@BQSJÎ³QSVaT,JKMPI LRVOI]NPWVaNO@X > MPWLRji _ M7JRj]@3VOI¼Va[sXT _ VOQT,JKMPI¼M __ @BLRVaT,JKMPIXS Ä I°T > @3QMPAisJRLK@ _  _ VOA3@S+M _ egMd;Z
T > JRX¾JRX½XMPLKO@Bj[;Z9T > @5jVaT,Vvj]@BX*Q _ JKiT,JKMPI°LRVOI]NPWVaNO@!d  (  ®  ½m ¾¡d +(´i _ M7JRj]@BX.Tª+M*;JRIsjXUMO _ @BLRVaT,JKMPI
_ @Si _ @BX@BIT,VaT,JKMPIX $T@BAisLRVaT@QSLRVOX,X,@BX!''[³JRjJ _ @BQT,JKMPIVOL _ @BLRVaT,JKMPIX $¸X*WQ > VOX
° % » M _ ¹ 



















 JKNPW _ @pBCE
	  ¾5! $ d7Z;IT,VOQT,JRQ@B\;WJKaVOLK@BIQ@MO @;i _ @BX,X,JKMPIX
_ @BLRVaT,JKMPIsX$¸X,WsQ > VOX
¶  ·M _    ½-· ',gd;T,V _ T,JRI]N _ MPA T > @d  («Xi@BQSJÎ³QSVaT,JKMPIV3WIJKM _ A jsVaT,V3VOQSQ@BX,X.JRIlT@ _ ¸VOQ@
JRXUNO@BI]@ _ VaT@Bj > JRQ > JRX"WX@Bjv[;ZoVOLRL > VOIj7 _ JKTT@BIHVOIjvNO@BI]@ _ VaT@Bj9i > VOX@BXÃMO V3QMPA3isJRLK@ _ 
 £  	
#   -¨(¥¬  j¨G©ª 
¬  :©«ª 
   ¬     ¨(¬9
=> @ _ X,TUXT@SiMO LRVaSZ9QM;j@'A3MOT,JKMPIJRX"TMVOX,X@BA5[sLK@5VOLRLYJRIT@ _ A@BjJRVaT@@7i _ @BX,X*JKMPIXUMO VXT,VaT@BA3@BIT½LRJRXT"MO V
i _ M;Q@BjW _ @Oj	/g"!#	$ _ MPAX@BQT,JKMPI9paÑpÃQSVOI![@gWX@Bj5M _ T > JRX isW _ iMPX@O  @BQSVOWX@JRI!MPW _ jVaT,V
AM;j]@BLYT > @ _ @BLRVaT,JKMPI ¿´E´ ¹º» °½3JRX¾j]@BI]MOT@BjTMo[@5VvX@STSüT > @ _ @BX,WLKT½MO@7@BQSW]T,JRI]NÀ	/g"!#	$
QMPIX,T _ WQT,XV!X@STÃMOYT > @¾i _ M7Q@BjW _ @ &åX+@7i _ @BX,X*JKMPIXS => @ _ @BX,WsLKTgJRXÃWsIJR\W@.[@BQSVOWX,@Á	/g"!#	$
JRX"VOIÄ5¾UJKT > MPW]TI@SNPVaT,JKMPI
=U> @3X@BQMPIj¼X,T@Si«MOgLRVaSZQM7j]@3AMOT,JKMPI¼AVaisX¾VOLRLXZ;IT,VOQT,JRQSVOLRLKZ¼@B\;WVOL@7i _ @BX,X*JKMPIX¾TMH@BVOQ > MOT > @ _ 3 JÎ
NPW _ @pBCQMPIlT,VOJRIsX'T > @QM _ @MOVXi@BQSJÎ³QSVaT,JKMPI Ä I±JRIlT@ _ A@BjJRVaT@vLRVOI]NPWVaNO@BX!+@jJRXT,JRINPWJRX > Tª+M 7JRIjXMO
@7i _ @BX,X*JKMPIX"T > MPX@UJKT > MPWTMOi@ _ VOIjo@7i _ @BX,X*JKMPIX $¸LK@BVa@7i _ @BX,X,JKMPIsX!',sVOIj9T > MPX@UJKT > MOi@ _ VOIjX $¸I]MPI]ªLK@BVa
@7i _ @BX,X*JKMPIX!',f"AMPI]NT > @»M _ A3@ _ T > @ _ @3V _ @MOi@ _ VaTM _ XX,WQ > VOX   ± % 	?± !«½-·³VOA3MPI]NvT > @3LRVaTT@ _ T > @ _ @3V _ @
X,WsQ > VOX ®´ «½®°@'@;i _ @BX,XÃT > @@B\;WJKaVOLK@BIQ@MO TÕ~M@;i _ @BX,X,JKMPIXÃ[;ZvT > @ _ @BLRVaT,JKMPI    = +M3@7i _ @BX,X*JKMPIXUV _ @
@B\;WJKaVOLK@BIlTJKYT > @SZWX,@"T > @¾X,VOA@"MO[`¦@BQT,XÃVOIjT > @BJ _ MOi@ _ VOIsjX~V _ @.@B\;WJKaVOLK@BIlTS+]M _   ±% 	?±!½-·!@;i _ @BX,X,JKMPIX
T > @"WX@BjQMPIXT,VOITMO[`¦@BQTA!WX,T[@g@B\;WVOL $a
	  5«?/! $?x­(',þM _ ®´«½"@7i _ @BX*X,JKMPIX T > @BJ _ MOi@
_ VOIsjX'A!WX,T[@@B\;WJK£VOLK@BIT $a
	  ¾5! $¾ ',]M _ VQMPAisLK@ST@Xi@BQSJÎ³QSVaT,JKMPI´MOX,Z;IT,VOQT,JRQSVOL
T _ @S@@B\WJKaVOLK@BIQ@'MOþ@7i _ @BX*X,JKMPIXÃ+@ > VO@TMVOjjHX*JRAJRLRV __ WsLK@BXÃ»M _ VOLRL¿X,W][TÕZi@BXgMO @7i _ @BX,X,JKMPIsXS
	  5«?/! $±JRX3VOIÁ@Bj]NO@VOjjJKT,JKMPI _ @S _ JKT@HXZ7XT@BA VOIjºjM@BXI]MOTWX@oI]@SNPVaT,JKMPI =U> WX

	  5«?/! $JRXUQMPIO@ _ NO@BIlTSgfXT _ VaT,JÎ³QSVaT,JKMPIN _ MPW]i³XÃVOLRL _ WLK@BXÃJRITMMPI@XT _ VaT,WA9
=U> @JRI»M _ AVaT,JKMPI« > JRQ > @7i _ @BX,X,JKMPIsX5V _ @@B\;WJKaVOLK@BIlTQSVOI±[@WsX@Bj«TM _ @BjsWQ@T > @I;WA5[@ _ MOMO[]`b@BQT,X
 > JRQ >v> VBO@½TM![@"QMPIX*JRj]@ _ @BjvJRINPLKMO[³VOLjVaT,V£4"sMVOIsVOLKZ;X,JRXB  @BQSVOWsX@½@;i _ @BX,X,JKMPIvQSLRVOX,X@BX _ @Si _ @BX@BIT~@7i _ @BXb
X,JKMPIsX'T > @jVaT,V£4"³M¯VOIVOLKZ7X,JRX!QSVOI´[@i@ _ M _ A3@Bj«MPI«T > @vQSLRVOX*X@BXVOLKMPI]@O T,V 7JRI]N°XMPA3@A3M _ @vA3M7jJÎ³QSVaT,JKMPI
JRI]M _ AVaT,JKMPIJRITMoVOQSQMPWIlT $¸j]@I]@ £WX@  7JRLRL JRI]»M _ AVaT,JKMPI ', => WsXT > @!I]@7T.XT@SiJRIT > @i _ @SisV _ VaT,JKMPIMO T > @
jVaT,V£4"³M VOIVOLKZ7X,JRX½X,WAAV _ JKS@BX"VOLRLYXT _ MPI]NPLKZ9QMPII]@BQT@Bj°QMPAiMPI]@BIlT,X"MO T > @    _ @BLRVaT,JKMPI°JRITMoVX@ST.MO MO[]
`b@BQT,XSgT > @o@7i _ @BX,X,JKMPI²QSLRVOX,X@BX $ ¹º» ° 	¾´ %½½(', =U> JRX3QSVOIÁ[@HXi@BQSJÎs@Bj´UJKT > VOIÁ@ > VOWXT,JKO@HN _ Vai > _ @S _ JKT@
XZ7XT@BA T > VaTVOLRLKM7QSVaT@BXvT > @MO[]`¦@BQT,XBMPI]@HM _ @BVOQ > isV _ T,JKT,JKMPIVOIj²T > @BIºT _ VOIX,JKT,JKO@BLKZ$LRJRI ;XVOLRL _ @BVOQ > Va[sLK@
@7i _ @BX,X*JKMPIXS => @BIojVaT,V£4"sMVOIVOLKZ7X,JRXQSVOI9[@¾i@ _ M _ A@Bj
 £   
G¥ jª 
 jª§ª`¥ ª«¬jª 
  ¨ 
 @BQSVOWX@5ÃAVZ![@"WX@BjTM5A3M7j]@BL7NPLKMO[sVOLsjsJRXT _ JK[sW]T,JKO@.jVaT,V£4"sMzVOIVOLKZ7X,JRX~T > @SZQSVOI[@WX,@BjTM'Xi@BQSJKZ
LRVaSZQM;j@3A3MOT,JKMPI°VOIVOLKZ7X,JRX   h½d]m   f
lmOq  => JRX.VOIsVOLKZ;X,JRX _ @BLRVaT@BXT > @![sVOX,JRQ![³LKM;Q;X½MO~T > @QMPIlT _ MPL "sM









































 JKNPW _ @3pBrE j   Ç$d"!# ½VaT,V£4"sMVOIVOLKZ7X,JRXÃM _ LRVaSZQM7j]@AMOT,JKMPI JRXMPLRVaT@BjJRIX@ _ TbMPW]TS _ @SisLRVOQ@MPW]TS
T > @@Bj]NO@BX5MOUX@SO@ _ VOL~N _ Vai > XS)"@ _ @~@i _ @BX,@BIlT5MPILKZ¼T > @LRVOXT!Tª+MisV _ T,X'MOT > @VOIsVOLKZ;X,JRXx3T > @ _ @BQSW _ X,JKO@
@B\;WVaT,JKMPIÁXZ7XT@BAÂ»M _ JRXMPLRVaT,JKMPIºVOIsVOLKZ;X,JRX!VOIj T > @vI]MPI7 _ @BQSW _ X,JKO@@B\WVaT,JKMPIÁX,Z;XT@BAÂ > JRQ > j]@ST@ _ AJRI@BXT > @
isLRVOQ@BXMO T _ VOIXM _ AVaT,JKMPIX½VaT.T > @5@BIsjMO~[sLKM7Q 7X $¸ JKNPW _ @HpBr(', => @ _ @BAVOJRIsj]@ _ MO~T > @!VOIVOLKZ;X*JRXVOX.~@BLRLVOX
T > @'JRIJKT,JRVOLRJKBVaT,JKMPIQSVOIH[@Xi@BQSJÎs@Bjo\;WJKT@X,JRAJRLRV _ LKZO
c¾W _ @]VOA3i³LK@.QMPAisW]T@BX~T > @"i _ @BjJRQSVaT@BX	¾¶ ¹ 
  ¹ ®   ¿ 	 ¹ 
 > JRQ > j]@BI]MOT@.T > MPX@.[sLKM7Q @]JKT,Xg > @ _ @
@7i _ @BX,X*JKMPIX'V _ @TM9[@JRIsX@ _ T@Bj¼M _5_ @SisLRVOQ@Bj¿ Ä T5WX@BXT > @MPLRLKMUJRI]Ni _ @BjsJRQSVaT@BX > JRQ > V _ @T > @ _ @BX,WLKT,X'MO
T > @ _ XT@B\WVaT,JKMPI±XZ7XT@BAX'JRI   h½d]m ¹ ¿    ¹ ¶
    
j]@BI]MOT@BX'[sLKM;Q°@BIlT _ JK@BX z@7JKT,X5 > JRQ > V _ @T > @




T > MPX,@¾[sLKM;Q@]JKT,XÃ > @ _ @"@7i _ @BX*X,JKMPIX > VO@¾TM[@¾JRIX,@ _ T@BjoLRVaT@BXTÃTM3VOQ > JK@SO@'X > M _ T@BXT _ @SNPJRXT@ _ LRJK@ST,JRA3@VOIj
QMPAisW]T,VaT,JKMPIVOL+MOiT,JRAVOLRJKTªZO«e+M7j]@AMOT,JKMPI±QSVOI±[@i@ _ M _ A@Bj¼WX,JRI]NT > @BX@vi _ @BjsJRQSVaT@BX$ã­·£ Î 
S¬¼¶*·l
­·O¡ ¸·O¹   h.d]m 4', UMz~@SO@ _ MOT@BIoT > JRXJRXIMOTX,W- QSJK@BITSf.LRXM3@7i _ @BX,X,JKMPIsXV _ @JRIX@ _ T@Bjo > JRQ >H> VBO@MPILKZ
MPI]@WX,@O5d7WQ > @7i _ @BX*X,JKMPIX½X > MPWLRjI]MOT½[@5T _ VOIXM _ A3@Bj[@BQSVOWX@ _ @SisLRVOQSJRINT > @!X*JRI]NPLK@3WX@!j]M;@BX.IMOT½X*VBO@
QMPAisW]T,VaT,JKMPIXS => @BX@@;i _ @BX,X,JKMPIX!V _ @oQSVOLRLK@Bj  ·ÎOª oVOIj´V _ @oAV _ O@Bj [;Z«T > @JRXMPLRVaT,JKMPI$VOIVOLKZ7X,JRXS¼®°@
_ @Si _ @BX@BITT > JRXÃ[;ZT > @ _ @BLRVaT,JKMPIX%¶    ¿
 ¹     

Ä XMPLRVaT,JKMPI VOIVOLKZ;X*JRX¾JRX¾j]MPI]@5[Z _ WLK@BX j   Ç$d"!#*p;q;f.I@;i _ @BX,X,JKMPI°JRX¾JRXMPLRVaT@Bj«VaT.T > @5@]JKT¾MO~V
[sLKM7Q JK JKT"JRX.@BJKT > @ _ I]MOT"QMPAisW]T@Bj9VOIsjJRXMPLRVaT@BjVaT.T > @[@SNPJRIIsJRI]N $ j   Ê$dx!^*p'+M _ @BV _ LRJK@BXT½VaT"T > @
@BIT _ ZMO¿VOLRLX,WQSQ@BX,XM _ [sLKM7Q 7XS = M5Xi@BQSJK»ZT > JRX +@U+MPWLRjI@S@BjVOLRL\WVOIT,JÎs@Bj£V _ JRVa[³LK@BXS f"LKT > MPW]N > T > JRX~QSVOI
[@JRIT@SN _ VaT@Bj5T > @Vaii _ MPVOQ > MO]T > JRX¿isVai@ _ jM@BXYI]MOT¿i _ Mz;JRj@ T > JRXSþ®°@~QSVOI5VOLRXM _ @S _ JKT@ T > @ _ WLK@BXS£@;i _ @BX,X,JRI]N
T > VaTYT > @ _ @X > MPWLRj[@ I]M"X,WQSQ@BX,XM _ [sLKM7Q ½ > @ _ @VOI@7i _ @BX,X*JKMPIJRXüIMOT¿@BV _ LRJK@BXT;$ j   Ç$d"!#ÕC;r(', => @BI¿
VOI@7i _ @BX,X,JKMPI°JRX½JRXMPLRVaT@Bj«VaT.T > @'@BIT _ Z9MO~V[³LKM;Q9JK~JKT½JRX½@BV _ LRJK@BXT5$ `  Ç$dx!^ -'+M _ JRXMPLRVaT@Bj¼VaT½T > @
@]JKT½MO T > @5[sLKM;Q $ j   Ê$dx!^Õn(', => WX"JRX,MPLRVaT,JKMPI°VaT.T > @'@BIT _ Z9VOIj@]JKT"MOV[sLKM7Q 9JRX.@7i _ @BX,X,@Bj9[;Z
_ @BQSW _ X,JKO@ _ WsLK@BXSj]@³I]@BjvMzO@ _ T > @X,WQSQ@BX,X,M _ XÃMO T > @¾[sLKM7Q  => JRXÃAV O@BXV! ;iMPJRITÃ@S£VOLRWVaT,JKMPII]@BQ@BX,X*V _ ZO
 JRIVOLRLKZO _ WLK@BX j   Ê$dx!^Õq   QMPAisW]T@T > @°I]@BQ@BX,X*V _ Zi _ @BjJRQSVaT@BXoM _ V´T _ VOIX,»M _ AVaT,JKMPI f"I
@7i _ @BX,X*JKMPIA5WsXTY[@ÃJRIX@ _ T@BjVaTT > @g@BIj!MO³V.[sLKM7Q JKJKT JRXLRVaT@BXTSl[sWTþI]MOT JRX,MPLRVaT@BjT > @ _ @ $ `  Ç$dx!^
  ',f.I@;i _ @BX,X,JKMPIJRX.TM[@ _ @SisLRVOQ@Bj°VaT½T > @5@BIj9MO+V[³LKM;QJKJKT¾JRX½QMPA3isWT@Bj9T > @ _ @$ `  Ç$dx!^" '
VOIj9I]MOTUJRXMPLRVaT@BjVOIjoLRVaT@BXT $ j  Ç$d"!#4 ',
=U> @ NPJKO@BI'N _ Vai > _ @S _ JKT@ _ WsLK@BX _ @BLRVaT@gVOLRA3MPXTüMPI]@TMaMPI]@+TMUT > @ @B\;WVaT,JKMPIXþJRI   h.d]m  => WX¿Xi@BQSJKZ;JRI]N
























 JKNPW _ @Hp!¾ =U> @ _ WLK@j]@Si@BIj]@BIQZ9N _ Vai > MO  j  Ç$d"!#a 8~j]NO@BXV _ @AV _ O@Bj[Z@ @BQTbisVOJ _ XVOIj[;Z
T > @¾LRVa[@BLRXg > JRQ > JRIlOMO@T > @BAH ½VOX > @Bjv@Bj]NO@BXÃj]@BIMOT@½X,T _ VaT,JÎ³Va[sLK@¾j]@Si@BIj]@BIsjJK@BXS7J¸ @O;T _ VOIX,JKT,JKMPIXg[@STª+@S@BI
T > @Tª+MXT _ VaT,VJRIHViMPX,X,JK[sLK@X,T _ VaT,JÎ³QSVaT,JKMPI
   Q  ¿ÈyÌ /È9Ì"wSx£y{]x$/ þ|P{x$ÌE" $?"ºÍY{]xz{7Ê  Ì;Ë{"ü{ /»É¿w,$w
]M _  `  Ç$ "!^vD VOIj²T > @QMPAisLK@ST@X,@STMO@B\;WVaT,JKMPIXMOLRVaSZQM;j@A3MOT,JKMPI²D ~@ > VO@TM´WX@
I]@SNPVaT,JKMPI¿ => JRX~@BVOX,JRLKZj@BXT _ MZ7X+T > @½QMPI-"³W]@BIQ@"MOüVOI 5  ft
lmOnaQ ]VOIj~@ > VBO@½TM!VaiisLKZ3XT _ VaT,JÎ³QSVaT,JKMPI
=> @ _ WLK@Hj]@Si@BIj]@BIsQZ«N _ Vai > MO.MPW _ @7VOAisLK@HJRX3NPJKO@BI$JRIº JKNPW _ @«p!]f XT _ VaT,JÎ³QSVaT,JKMPI$QMPIsX,JRXT,X3MO½TÕ~M
XT _ VaT,VMO > JRQ > T > @ _ XTJRX+QZ;QSLRJRQaÃc½I]@iMPX,X,JK[³LK@"XMPLRW]T,JKMPIJRX  e  j  Ç$d"!#4x­J:J `  Ç$dx!^"jBJ
e  `  Ç$dx!^"aJ `  Ç$ "!^"j!
M _ T > @QMPAisLK@ST@jVaT,V£4"sMzXi@BQSJÎ³QSVaT,JKMPIHX,@SO@ _ VOL¿XT _ VaT,JÎQSVaT,JKMPIX@]JRXTSgc¾I]@½MOYT > @½iMPX,X,JK[³LK@XMPLRW]T,JKMPIX
QMPIX*JRXT,XMO;QZ;QSLRJRQVOIj«r9I]MPI7ªQZ7QSLRJRQX,T _ VaT,V7  > JRQ > QM _,_ @BXiMPIjsX¾@7VOQT,LKZ«TM9T > @ _ WLK@3N _ MPWisX%$@B\;WVaT,JKMPI
XZ7XT@BAX!'¾ _ MPA   h.d]m   @BQSVOWsX@9I]M _ WLK@oj]@BLK@ST@BXVOIlZ;T > JRI]N]~T > @ _ @HV _ @oI]MMO@ _ LRVaisXQMPIQ@ _ IJRI]N°X,JRI]NPLK@
_ WsLK@BXS f"QSQM _ jJRI]NTM3T > @SM _ @BA¯r;]@;@BQSWT,JRI]N3T > @ _ WLK@BXÃJRIvT > @¾M _ j]@ _ MOþT > @¾XT _ VaT,JÎ³QSVaT,JKMPIZ;JK@BLRjsXgMPI]@I]M _ AVOL
M _ AH => JRXÃJRXgT > @¾jVaT,V£4"sMJRI]»M _ AVaT,JKMPIvM _ LRVaSZlªQM7j]@A3MOT,JKMPI¿ Ä þVOLRL _ WLK@BXgMOYLRVaSZvQM7j]@A3MOT,JKMPIvVOIVOLKZ7X,JRX
+@ _ @JRIQSLRWj@BjoJRIvMPI]@XZ7XT@BAH]JKTÃ+MPWLRjoI]MOTÃ[@.j@ST@ _ AJRIJRX,T,JRQa Ä IT@ _ AXgMOYjVaT,V£4"³MVOIsVOLKZ;X,JRXT > JRXÃA3@BVOIX
T > VaT'T > @QMPA5[sJRI]@Bj«@B\WsVaT,JKMPI XZ7XT@BA~MPWLRj I]MOT[@jJRX,T _ JK[sW]T,JKO@Oþ[sW]T¾MPILKZ°AMPI]MOTMPI]@O Ä TJRX5JRIT@ _ @BXT,JRI]N
T > VaT QSW _,_ @BITþjVaT,V£4"³M²VOIVOLKZ7X,JRX T > @SM _ Zj]M;@BXI]MOTjJRX,QSWX,XYT > JRX TMOisJRQaJRIXT@BVOj!T > @gX@SisV _ VaT,JKMPIJRIlTM½@B\;WVaT,JKMPIX
XZ7XT@BAXÃJRXÃVOLK+VZ;XUNPJKO@BIHVOj > M7Qa => WsXÃXT _ VaT,JÎ³QSVaT,JKMPIVOLRXMi _ Mz;JRj]@BXÃVX,Z;XT@BAVaT,JRQ¾A3@ST > M7j»M _ X,T _ WQT,W _ JRIN
QMPAisLK@vjsVaT,V£4"sMVOIVOLKZ7X@BXS
 £   +ª¬  
:¥  ª§+¨G¥¬
®°@QMPIQSLRWj]@MPW _ @]VOA3isLK@BX[;ZÁXi@BQSJK»Z7JRI]N«X,MPA3@oMO½T > @9I]@BQ@BX*X,V _ ZÁT _ VOIX,»M _ AVaT,JKMPI _ WLK@BX3»M _ LRVaSZºQM;j]@
AMOT,JKMPI $¸ JKNPW _ @9pBn(',3®°@ _ @SNPV _ j°MPILKZT > @3I]@BQ@BX*X,V _ Z _ @BLRVaT,JKMPIXM _ T _ VOIsX»M _ AVaT,JKMPI°VaTT > @@BIsjMO+[³LKM;Q;X
$ ?¶ ¹  
   
³  ¹ ®   ¿ 	 ¹ 
 ', => @BX@ _ @BLRVaT,JKMPIXgJRIjJRQSVaT@"T > @U[sLKM7Q 7X+ > @ _ @U@;i _ @BX,X,JKMPIX~X > MPWLRj[@"JRIX@ _ T@Bj
M _~_ @SisLRVOQ@Bj => @Ã _ XT _ WLK@UJRIX@ _ T,XVOI3@7i _ @BX*X,JKMPIVaT~T > @@BIjMO¿V[sLKM;Q³ Ä TQ _ @BVaT@BXgI]@S$XT,VaT@BA3@BIT,X > JRQ >
QMPAisW]T@+T > @g£VOLRW]@gMO³T > @~@7i _ @BX*X,JKMPIVOIj!XTM _ @ÃJKTJRIlTM¾V _ @SNPJRXT@ _  8j]NO@	¾¶ ¹ 
  
¾JRXj]@BLK@ST@BjJRI5M _ j]@ _ TM
i _ @SO@BIlT~T > VaT  j       	*pJRX~VaiisLRJK@BjVaNPVOJRI¿  j     	ÕC _ @SisLRVOQ@BX+V¾isV _ T,JRVOLRLKZ _ @BjWIjVOIT @;i _ @BX,X,JKMPI
VaT+T > @.@BIj3MOüV[sLKM7Q 3 > MPX@U@7i _ @BX,X*JKMPIQSLRVOX,XgJRX+AV _ O@Bj[;Z3VOI@Bj]NO@  ¹ ®   ¿ 	 ¹ 
 =U> @ _ WsLK@ _ @SisLRVOQ@BX+T > @
_ @BjsWIjVOIT½@;i _ @BX,X,JKMPI°TM9V «½    H@;i _ @BX,X,JKMPI° > JRQ > _ @ªWsX@BX¾T > @3VOL _ @BVOjZQMPAisW]T@BjaVOLRW]@3MO+T > @3QSLRVOX,X





































 JKNPW _ @5pBqE => @ _ WLK@Uj]@Si@BIj]@BIsQZ5N _ Vai > MO  j       	  8j]NO@BX+V _ @.AV _ O@Bj[Z!@@BQTbisVOJ _ XgVOIj3[;Z3XMPA@
MO T > @LRVa[@BLRX > JRQ > JRIOMO@T > @BAH ½VOX > @Bj9@Bj]NO@j]@BI]MOT@BXUXT _ VaT,JÎ³Va[sLK@5j]@Si@BIj]@BIQSJK@BX
_ @Si³LRVOQ@Bjvi@ _ [sLKM7Q ]M _ V!QMPA3i³LK@ST@½LRVaSZQM;j@.AMOT,JKMPIT _ VOIXM _ AVaT,JKMPIvX,JRAJRLRV _+_ WLK@BX+»M _ T > @.[@SNPJRIIJRI]N5MO
T > @[sLKM;Q;X"A!WXTg[@¾ _ JKTT@BI
 `      E	JRX!@Bj]NO@ªX,W[T _ VOQT,JKO@O«f.LKT > MPW]N > JKT,X _ WLK@BX!VOjj´JKT@BAX'T > @SZ«j]M°I]MOT5i _ M7jWQ@VOIZ _ @Bj]@
 `      E	*p"X,W][T _ VOQT,X~T > @@BjNO@ ?¶ ¹  
   
'VOIj  j     	ÕC½T > @U@BjNO@  ¹ ®   ¿ 	 ¹ 
 =U> WX  j   
  	¼T@ _ AJRIVaT@BXB
 `      E	 I@S@BjI]MOTH[@¼XT _ MPINºQMPI-"³W]@BITS¾[@BQSVOWX@  j       	*p¼JRIX,@ _ T,XHVOIj  `      E	ÕC
j]@BLK@ST@BX@;i _ @BX,X,JKMPIXS UMz~@SO@ _ þjW]@5TMoT > @ _ WLK@!j]@Si@BIj]@BIQZ9N _ Vai > JRI° JKNPW _ @opBq~@QSVOI°XT _ VaT,JK»ZJKT¾JRIlTM
 e  `      E	x­SjBJe  j       	5j! 8;@BQSW]T,JKMPI°VOLKMPINT > @BX@XT _ VaT,V _ X,T.JRIX,@ _ T,X½VOX¾AVOIZo@;i _ @BX,X,JKMPIX
VOXiMPX,X*JK[sLK@O~VOIj±T > @BI _ @SisLRVOQ@BX@7i _ @BX,X*JKMPIXS 8~VOQ > MOUT > @ _ WsLK@BXX > MPWLRj´I]MOTM _ AÀMO@ _ LRVaisX3UJKT > JKT,X,@BLKÕ
[@BQSVOWX@5@BVOQ > @7i _ @BX,X*JKMPIQSLRVOX*X.JRX > VOIjsLK@BjX@Si³V _ VaT@BLKZ9JRIT > @'jsVaT,V£4"sM VOIVOLKZ7X,JRX½VOIjVOLRLüT _ VOIXM _ AVaT,JKMPIX
QSVOI¨[@°QSV _,_ JK@BjMPWTHJRIisV _ VOLRLK@BL½M _ @BVOQ > @7i _ @BX*X,JKMPI =U> WXvVOQSQM _ jsJRI]NºTMÁT > @SM _ @BA r  `      E	JRX
XT _ VaT,JÎs@Bj7ªQMPIO@ _ NO@BIlTS
=U> @¾»MPLRLKMzUJRI]NT,Va[sLK@X,WAAV _ JKS@BXgT > @¾»@BVaT,W _ @BXMOþMPW _ N _ Vai > _ @S _ JKT@X,Z;XT@BA @7VOAisLK@BXS
@]VOA3isLK@ T@ _ AJRIVaT,JKMPI I]M _ AVOL»M _ AX  !XT _ VaT,V

	 "!#	$ @Bj]NO@ªVOjjJKT,JKO@ QMPIO@ _ NO@BIlT p

	  5«?/! $ @Bj]NO@ªVOjjJKT,JKO@ QMPIO@ _ NO@BIlT p
 `  Ç$dx!^ @Bj]NO@ªVOjjJKT,JKO@ XT _ VaT,JÎ³@Bj7ªQMPIlO@ _ NO@BIlT C




 £   §   ¾¨`ª 
 Ã¥Qj§+¨  ¨¾ª§+¨G¥¬ 
c.T > @ _ @]VOA3isLK@BX»M _ MOiT,JRAJKBVaT,JKMPIX' > JRQ > QSVOI«[@Xi@BQSJÎs@Bj°[;ZN _ Vai > _ @S _ JKT@XZ7XT@BAXV _ @MPWIj°@BVOX*JRLKZ
[@BQSVOWX@¾T > @XT _ WQT,W _ @¾MOþLRVaSZoQM7j]@A3MOT,JKMPIHJRXi _ MOTMOTªZ;isJRQSVOLü»M _ V3I;WA5[@ _ MO QSLRVOX,X,JRQSVOLüMOiT,JRAJKBVaT,JKMPIsXS®°@
@7i@BQTT > VaTUVaTULK@BVOX,TUT > @¾MPLRLKMUJRINV _ @BVOXUMOþMOisT,JRAJKBVaT,JKMPI9QSVOI9[@ > VOIjLK@Bj
 MOT > @ _ QM7j]@AMOT,JKMPIHVOLKNOM _ JKT > AX
 j]@BVOjHQM7j]@¾@BLRJRAJRIsVaT,JKMPI
 XT _ @BI]NOT > _ @BjWQT,JKMPI
 JRIjWQT,JKMPIH£V _ JRVa[³LK@@BLRJRAJRIVaT,JKMPI
 X,JRA3i³LK@½VOLRJRVOX.VOIVOLKZ7X,JRXÃ@7i _ @BX,X*JRI]NVOLRJRVOX@B\;WJKaVOLK@BIQ@ _ @BLRVaT,JKMPIX
 QMPIlT _ MPL "sMVOIVOLKZ7X,JRX
 QMOiZvi _ MOisVaNPVaT,JKMPI
 »MPLRjsJRI]N3QMPIXT,VOITUi _ MOisVaNPVaT,JKMPI
c½iT,JRAJKBVaT,JKMPIXB¾ > JRQ > _ @BLKZ$MPI XZ;IT,VOQT,JRQSVOL'T _ VOIXM _ AVaT,JKMPIsXoMO'T > @«QM;j@¼VOIjj]MºI]MOTI]@S@Bj¨NPLKMO[sVOL
VOIVOLKZ7X,JRXSQSVOIo[@Xi@BQSJÎs@BjHjJ _ @BQT,LKZ"JKT > N _ Vai > _ @S _ JKT@XZ7XT@BAXx
 [ _ VOIQ > MOiT,JRAJKBVaT,JKMPI
 QMPIXT,VOITMPLRjJRI]N
 QMPIXT,VOITi _ MOi³VaNPVaT,JKMPI9UJKT > isV _ T,JRVOL@SaVOLRWVaT,JKMPI   JRI³m
 JRjJKMPA _ @BQMONPIsJKT,JKMPI  ^~^ m
 LKMMOi9T _ VOIXM _ AVaT,JKMPI9VOLKNOM _ JKT > AXUX,WQ > VOXULKM;MOi9WI _ MPLRLRJRIN
=U> @ _ @9@]JRXTvXi@BQSJÎ³QSVaT,JKMPIXMOMOiT,JRAJKBVaT,JKMPIVOLKNOM _ JKT > AXJRI$T > @LRJKT@ _ VaT,W _ @ > JRQ > WX@N _ Vai > _ @S _ JKT@
XZ7XT@BAX$@O N]   JRI³m4', Ä TJRXi _ MO[³Va[sLK@T > VaT3A3M _ @vX,W][QSLRVOX,X@BX!MO"N _ Vai > _ @S _ JKT@oXZ;X,T@BAX5UJRLRLg[@MPWIj
 > JRQ > V _ @'Va[sLK@TMQMOi@UJKT > A3M _ @½MOiT,JRAJKBVaT,JKMPIXS
   0 	%"-!+* "-
½À!  "  *%U "
Ä I!T > JRXX@BQT,JKMPI~@Ãi _ @BX@BIlTV½NO@BI]@ _ JRQÃVOLKNOM _ JKT > A TM¾@7@BQSW]T@UVOI!@ > VOWX,T,JKO@ÃN _ Vai > _ @S _ JKT@XZ;X,T@BAHOT > @·O¥ lS¥
B¢zÎ]O¡ ·P¹] Ä I  f
lmOn£[ gVaV _ JRVOIlT!MOT > JRX'VOLKNOM _ JKT > AÀ+VOX5i _ @BX,@BIlT@Bj±M _ $5a U@ _ @oJKT!JRX5@;T@BIj@Bj«TM
> VOIsjLK@ $¸X,T _ VaT,JÎs@Bj '@ > VOWXT,JKO@½N _ Vai > _ @S _ JKT@.X,Z;XT@BAXS => @½JRj]@BV'MO¿T > @¾VOLKNOM _ JKT > A JRXgX,JRAJRLRV _ TMV!I]@BXT@Bj7
LKM;MOio`bMPJRI¼JRI _ @BLRVaT,JKMPIVOL~VOLKNO@S[ _ V?¾@Bj]NO@ _ @BLRVaT,JKMPIXV _ @½`¦MPJRI]@Bj¼TMv³Ij°VOLRL _ @Bj@;@BX¾JRI¼VvN _ Vai >  UMz~@SO@ _ þJRI
QMPIT _ VOXT'TMHjVaT,Va[sVOX@BXSþM _ j]@ _ @SaVOLRWVaT,JKMPI±VOX,X,WA@BX½VHI]M7j]@[sVOX@Bj¿jsJ _ @BQT@Bj _ @Si _ @BX@BIT,VaT,JKMPI¼MO+T > @N _ Vai > 
=> JRXUJRX _ @B\WsJ _ @BjHM _ VOIMOiT,JRAJKS@ _ [@BQSVOWX@ _ MPITb@BIjVOIjH[sVOQl@BIsj _ @BLKZoMPIJKT"VOIj9T > @MOisT,JRAJKS@ _ > VOXTM
X > V _ @¾jVaT,VUJKT > T > @BA9 Ä IoVOjjsJKT,JKMPI]T > @¾QMPXTMOYT > @VOLKNOM _ JKT > A jM@BXÃI]MOT _ @S»@ _ TMT > @VOAMPWIT+MOY@Bj]NO@BXJRI
V _ @BLRVaT,JKMPI9[sWTÃMPILKZvTMT > @AV7JRAVOLMPW]Tbªj]@SN _ @S@'MO VI]M7j]@WIj]@ _ VQ@ _ T,VOJRI _ @BLRVaT,JKMPI =U> WXÃJKT"~M _ ;XÃ[@BXT
MPIoXi³V _ X@¾VOIjUJRj]T > ªLRJRAJKT@BjN _ Vai > X+ > JRQ > V _ @½MO»T@BIH@BIQMPWIT@ _ @BjoJRIvi _ MON _ VOA VOIVOLKZ7X,JRXS~þJRIsVOLRLKZOsX@BQT,JKMPI




c _ j]@ _ @SaVOLRWVaT,JKMPI°JRX.[sVOX@BjMPIT > @!I]MOT,JKMPIT > VaT"+@!UJRLRLü³Ij9VOLRL _ @Bj]@7@BX.MOV _ WLK@!JK~@QMPIX,JRj@ _ VOLRL > MPXT
N _ Vai > I]M7j]@BXS] > JRQ > QSVOIo[@ > MPAMPA3M _ i > JRQTM _ M;MOTUI]M7j]@BXgMOLK@STb > VOIjHX,JRj@BXS => @BIvT > @ _ @BAVOJRIj@ _ MO T > @
_ @Bj@;@BX JRXþ»MPWsIj[;ZT _ VO@ _ X,JRI]N¾I]@BJKN > [M _ X@ST,XBPXT,V _ T,JRI]N. _ MPA T > @ _ @Bj]@ _ MMOTþI]M7j]@BXS Ä I'M _ j]@ _ TM.VOQSQMPAisLRJRX >
T > JRXB¿T > @9·O¥ lS¥.MOgVoX@ST¾MO _ WLK@BX > VOX½TMo[@QSVOLRQSWLRVaT@Bjþ > JRQ > JRX¾T > @AV]JRAVOL I;WA5[@ _ MO _ MMOTIM;j]@BX½JRI
LK@STb > VOIjvX,JRj]@BXB Ä ¿V5LK@S»Tb > VOIjX*JRj]@.jM@BX+I]MOT > VBO@¾V _ MMOTS7+@.Q > M;MPX@¾VOIV _ [³JKT _ V _ Z3I]M7j]@"VOXgV _ T,JÎQSJRVOL _ MMOTS
I]M _ AVOLRJKBJRI]N3T > @¾M _ j]@ _ TMVaT"LK@BVOXT'pa
vÈ! #"%$»x$Ì"  ! yzÍþÈ;yÌU{ y-/ÈHwBÈx "7& S  *vSBU· #¤O¥b§°¥S©¥ »ª¥ R*9@c0 $56<8 l :'tf 4+
!¸µ~¹³7'X,JKNPIsVaT,W _ @Z  > $5 ' ·9]3­!-ã¡  SBU· #7¥¦··O"¹³· l K * å ¹  R,#?ª;O¹ H ,l 5t+ !¸µ¹³37
·O¥ lB¥  $ '¾·**575­Bl »­!7­ · #7!¶*P¥ O ¹sÎ ¡ ¸!· #V  >«·O¢aS¥  R,#?7O¹  ,l ~¹s·P¥(­Î 
z o· U 
 $ 'j0AV $ AV    ^ ! Ë  > $5;'PËJBp'
& S;* 0 $J '9f  	     EP¹     J  J  Ã¡¥bO¡  µ~¶*P¡ ·O¹ · # 4+c;ü7B¹7!·O¥ lS¥5· #   
 $  'j0 AV	     $  '
_95ç·o¶(     	     $  '*+
 VOX@Bj9MPIoT > JRXÃj]@IJKT,JKMPI  ft
lmOn£[ üj]@SO@BLKMOi@BjHV!NO@BI]@ _ JRQ¾@S£VOLRWsVaT,JKMPIVOLKNOM _ JKT > A »M _ 5O`5(·O¥ S¥ 
B¢zÎ]O¡ ·P¹+M _ 7X MPIjsJ _ @BQT@Bj3N _ Vai > _ @Si _ @BX@BIlT,VaT,JKMPIsX~VOIj > VOXQMPAisLK@7JKTÕZ É $O
  z d - ', > @ _ @VPsT > @"LK@BI]NOT >
MO+T > @LKMPI]NO@BXT¾isVaT > MO+VOI@Bj]NO@3jJRX¸`bMPJRIT¾isVaT > QMO@ _ MzO@ _ VOLRLLK@STb > VOIj°X,JRj@BXS C°T > @AV]JRAVOLþIWsA'[@ _ MO
isVaT > XJRI5X*WQ > V¾QMO@ _ !OT > @ÃAV]JRAVOLlI;WA5[@ _ MOI]M7j]@BXYJRIV½I]M7j]@gj]MPAVOJRI¿aVOIsjzgT > @ÃAV]JRAVOLMPW]Tbªj]@SN _ @S@
MOVI]M;j@QMPIQ@ _ IsJRI]NVOI V _ [sJKT _ V _ Z _ @BLRVaT,JKMPI9]M _ QMPIQ _ @ST@ _ WLK@X@ST,X J PkJ VOIjhC´V _ @QMPIXT,VOITS VOIj¼T > @
NO@BI]@ _ VaT@BjHVOLKNOM _ JKT > AXÃV _ @¾iMPLKZ;I]MPAJRVOL¸ Ä Ivi _ MON _ VOAMOiT,JRAJKBVaT,JKMPIHAVOIlZ _ @BLRVaT,JKMPIXV _ @.MPI@£VOLRW]@Bj¿ > VBO@V
 7@BjQSV _ jJRIVOLRJKTÕZO¿V _ @5X,isV _ X@OM _ V _ @'i³V _ T,JKT,JKMPI]@BjMO@ _ XMPA@MO[]`b@BQT¾j]MPAVOJRIsXS:"@BIQ@5LRJRI@BV _ M _ \;WVOj _ VaT,JRQ
VOLKNOM _ JKT > AXMOT@BI _ @BX*WLKTS
Ä I!T > JRXi³Vai@ _ +@Ã@;T@BIsjT > JRXVOLKNOM _ JKT > A TM Æ E½h.d;¦c½h  8h$JRI JKNPW _ @p  Ä IQMPIlT _ VOX,T TMÁ5g~@I]MOT
MPILKZ > VO@TMVOjjv@BjNO@BXS[sW]TÃVOLRXMVOjjHI]M7j]@BXÃVOIjoj]@BLK@ST@5JKT@BAXS Æ E¾h.d¦c½h
 8h JRX"VOLK+VZ;XUNO@BI]@ _ VaT@Bj9»M _
V5X@ST+MO _ WLK@BXS;@BJKT > @ _ M _ MPI]@½XT _ VaT,WsA MOüV5XT _ VaT,JÎQSVaT,JKMPIvM _ M _ VOLRL _ WsLK@BXMOüV'N _ Vai > _ @S _ JKT@"XZ7XT@BAH]M _ V
XT _ VaT,JÎ³QSVaT,JKMPIT > @ÃNO@BI]@ _ VaT@BjVOLKNOM _ JKT > AX > VBO@"TM[@Ã@;@BQSWT@BjJRIT > @UXT _ VaT,JÎ³QSVaT,JKMPIM _ j]@ _  Æ E¾h.d¦c½h
 8h
JRX¾VNO@BI]@ _ JRQVOLKNOM _ JKT > A [@BQSVOWX@JKT¾j]@Si@BIjX"MPIX,@SO@ _ VOL isV _ VOA@ST@ _ X.MOT > @ _ WLK@BXx"XMPA@5LKM;MOisX½AV _ O@Bj[;Z
ÕÌ³yz{ / / Ê*|PÌE"üwSx VOIj9QSVOIH[@WI _ MPLRLK@BjvM _ V3QMPIsQ _ @ST@'VOLKNOM _ JKT > AH
=U> @ÃVOLKNOM _ JKT > A QMPIsX,JRXT,X MOT > @g»MPLRLKMzUJRI]NisV _ T,XSþJ _ XTVOLRL]I]M;j@BX MO³I]M7j]@Ãj]MPAVOJRIsXY > JRQ > QSVOI[@gj]@BLK@ST@Bj
V _ @AV _ O@BjoVOXÃaVOLRJRj => @BIoVOLRLi@ _ A5WT,VaT,JKMPIXgMOYiMPX,X*JK[sLK@ _ @Bj]@ _ MMOTIM;j]@BXÃV _ @¾@BIWA@ _ VaT@Bj®°@¾MzO@ _ LRVai
VOLRL _ WsLK@.T@BX,T,XÃ > JRQ >o> VBO@V!X,JRAJRLRV _ X@STÃMO _ MMOTI]M7j]@BXS = MT > JRXg@BIjT > @ _ WsLK@½X,@STÃMOYVXT _ VaT,WsA  > VOXgTM[@
isV _ T,JKT,JKMPI]@Bj«JRITMHVHX@ST¾MO+@B\WsJK£VOLK@BIQ@QSLRVOX,X@BX3f _ WLK@@  0 $5  68  l:  'UJRX½@B\WJKaVOLK@BITTMHV _ WLK@
@  0 $5  6 8  l :  ',JK#  ?> $5  'l   > $5  'M _   ?> $5  '   > $5  ', => JRX~@7i _ @BX*X@BXg > @ST > @ _ T > @½T@BXT,X»M _
T > @ _ WsLK@BX.QSVOI[@!j]MPI]@5TMONO@ST > @ _ JRILKM;MOi $¡r(', Ä IT > @VOLKNOM _ JKT > AH   JRX½T > @!AV]JRAVOLþI;WA5[@ _ MO@BLK@BA@BIlT,XJRIVX,JKNPIsVaT,W _ @!JRI9VOI@B\WJKaVOLK@BIQ@!QSLRVOX,Xof]M _ @SO@ _ ZQSLRVOX,X   JRX.VOLKgVBZ7X.X*AVOLRLK@ _ M _ @B\;WVOLüTMM _ j]@ _³ $"M _ AVOLRLKZ+@ > VBO@¾TM@BA5[@BjT > @ _ WLK@½T@BXT,XJRITMV' 7iMPJRITÃLKMMOi $¸LKM;MOi $bp'',+fUT@ _ T > @I]M _ AVOLsM _ A JRX
_ @BVOQ > @Bj³T > @ > MPXTN _ Vai > _ @BLRVaT,JKMPIX"A!WXTg[@QSLK@BVOI]@BjsJ¸ @O³@Bj]NO@BXTMj@BLK@ST@Bj9I]M7j]@BX > VO@TM3[@j]@BLK@ST@Bj
=U> @BI»M _ MPI]@X,JRINPLK@5i@ _ A!W]T,VaT,JKMPIMO _ MMOT¾I]M7j]@BX½VOIj»M _ MPI]@ _ WsLK@Oh+( 8 = 8+d = ³IjsX"VOLRL _ @BVOQ > Va[sLK@
_ @Bj@;@BXS7T _ VO@ _ X,JRI]NI]@BJKN > [M _ X@ST,XS = M5T > JRX~@BIsjVOI¼ z¤l P Ñ.·O ¹¿§;OH¶*·O¢aS¥MOYT > @.LK@STb > VOIjvX,JRj@.JRXgXT,VaT,JÎ
QSVOLRLKZ3QMPAisW]T@Bj => JRXJRX VX@ST MOisVaT > X > JRQ > QMzO@ _ T > @LK@STb > VOIjX,JRj]@X,WQ > T > VaT T > @ÃisVaT > X JRIT@ _ X@BQT~@BVOQ >
MOT > @ _ MPILKZHVaT"T > @BJ _ @BIj9iMPJRIT,XSh(08 = 8gd = QMPAisW]T@BXUT > @'Q _ MPX*XUi _ M;jWsQTMO@ _ VOLRLYisVaT > X"TM@BI;WA3@ _ VaT@
VOLRL _ @BVOQ > Va[sLK@HI]M7j]@BXS =U> WX5h(08 = 8gd = i@ _ »M _ AXVI]@BX,T@BjÁLKMMOi`bMPJRI´MO@ _ T > @visVaT > i _ MO[sLK@BAX'MOUT > @
isVaT > X $¸LKM;MOi $¡n('',~M _ @BVOQ > i@ _ A!W]T,VaT,JKMPIMOYI]M7j]@BX+T > @ _ WLK@¾VaiisLRJRQSVaT,JKMPIoQMPIsjJKT,JKMPIX $TBp'  $T*r('V _ @½T@BXT@Bj




&(')+*-,/.  3(;P3(\K9<E\4F<3«=^3[I! Z9 Ij17\^243G\gQP\4F<3(FH8:=K=^3G= QP"8JI`G1
	3G\^=5  u17\8:F<F+      ? !?C
017;73(;P3(\K9<417=I7\#8:  Z9 I`IK3G\^6 9<;"8JIK9<17;{=47\#8:  CY *-,J)+*-,. 017;73G;43G\^9<8:24243G2¯\^3GFH8JIK9<17;4=
b <lJk<e e"pU4i#tlJte"pJe{4i#o iJm{iGg< by{zg|J}g~~   3   ?z; C 243GF<3GIK3G2! /"%P 
# 'b <%$P'&p(<egmo pUp)&+*Ei#egf:hji#k[lUm, pJepJv+k[iG4i^4i#t< b-"8:;73!.D0/ 
132+4 ~ # -"8:;73d5.D0/z^J"8:;73%6 U7"%P y{zg|J}g~u~98:7z-'<;G,  =Âzy{zg|J}g~~E  >@?)?@?)> BA
C ?
 3 EDF?@?)?D 3 A)C ?z{/b <jm{i#t(mtpJv+kJf:o i#tEGHnmJI¼p'Kai#k^o l)&&L<et e"lUm^f:k#i< by{z |a}g~~98:7z '<;(,    znUb <NMxi#t(mkaf:o ikEGHnmJI`k[p/pUmt   >@?)?)?)>  A C < b-48:;73% -"8:;735zg|D0/7"O.?. P>  >@?@?)?)> BA
C # 
# 'b <RQ+o iGlJe f
&k[i#o lUmJ pJePtpJv+k#l)&LIÃ< by{zg|J}g~~E 'S > )T >  ? 8   ¾z4 y )T ?  d    , 2U# ''S ?  V  )T  # 'b <d5f:o im{i#t(mEvpJklJo<o-k[iG4i^4i#tm,IxlUm?s(lJe qUik[iGl7sIxiG`v k[pJhk[p/pUmexpUPi[t< b)%|Jz<: # +*| # D0/7"-.?.  ]       >   >@?)?)?@>  A C ?| # ,J*|7' XWEW"-«0Y #Z[4 ' "8:;73%6 U7"%P b <\Qk#pJt^t]&xk#pU f7s:m?pJvlJo<oB&glUmJI4t   mnp B^_5   q@` muk[l'Kai#kKt[lJo+pJvl< bb <mJIxi«exi- 'IgqUpJkt#i:mut w tamnlJkam,<e v k[pJh¡k[p/pUmexpUPi[t   >@?
?@?)> Lacb C < by{zg|J}g~u~?  cd>@?
?@?@>  -e  >)?)?)?@>   ^ d >
?@?)?@>  ^ e E
f gDh?)?@?D  ^   >@?)?@?)> BA
C ¾zfib <j+<k^t(m¾m{i#t(m r#p(<e¯sGpJexnmJ pJe4ta<<S< bC<C<Cb <Rk mlcmMxi#tamHIxpJhjpJhjpJkn&LI<t^h< by{zg|J}g~~o8-:7z '<;G,    >   >  ? 8p >    3 S >    3 T z4 y )T ?  d    zg| 'S ?  d    , 2U# 'ÁIac 8/:7z 'g, 4 ' * # ni#  b <rqpUPi7IxlJtqUiGi#e4i#o iJmni(¼lJo<k[iGl7'`g< b
4 y )TNs 'S ?  , 2U# 'ÊI(c{g:7z 'g, 4 ' * # ni#  b < iG4i^¼i('UiE<tht<tKt<e < bb <Rk mu
mMxi#tamElJo<o-e"i-UlUmniG¼kJf:o ii('Ui[t< by{zg|J}g~~o8-:7z '<;G,    >  >  E 8vp >  )w    .D0/ >    3 S >    3 T z4 y )T  'S ?  , 2U# ':7z 'g, 4 ' * # ni#  b <rqpk#i(Pi#\Ixi#k#i< bb <Rk mx
mMxi#tamXGHIxiJmJI"i[k«lJo<o%l74Pi(¼i('Ui[tlJk[ilJo<k#iGl7'` mJIxi#k#iü< bF<FH273G=-.043G\^3yz.D0/ y{zg|J}g~~o8-:7z '<;G,   >  >  ? 8{P|)|    >    3 S >    3 T z4 y PTFs S C  , 2U# 'F<FH273G=-.043G\K3g} U"P 
4 yF<FH273G=-.043G\^3~.D0/, 2U# ':z 'x, 4 '-* # ni^  b <NMxi#k^ht<exlUm,<e k#i#o lUmJ pJe\<ts(pJh&"o i:mni< bb <<o<o+mni[t(mtX& lJt^t#iG[*+k[iG4i^jvnpPf:e" O< bb <Rkllcm«i[o iJmni«k[iG4i^¼i('Ui[taB< by{zg|J}g~~o8-:7z '<;G,   >  >  ? 8 |
-    >    3 S >    3 T zS C  V  (T  b <Rklx
m«i[o iJmni«expUPi[tqc`N<eLKGlJo  PlUmJ pJeS< by{zg|J}g~~o8-:7z '<;G,    3\|
-    >    3 S zS C 243GF<3[I^3G2z.D0/ b <Rkl
m7«4je"pU4i#taB< by{zg|J}g~~o8-:7z '<;G,    3 {P|)|    >  d @    +  z3 S ;43[Z«{9u^ b <Rklcm7«4¼lJo<oiGUi#t«pJv¾m,IxikJf:o i< by{zg|J}g~~o8-:7z '<;G,   >  >  ? 8 {P|)|    >    3 S >    3 T zS C  V  (T  -"8:;73z.D0/ 
# '| # ,J*|7'-"8:;737 
# '
þJKNPW _ @p +E.@BI@ _ JRQVOLKNOM _ JKT > A Æ E½h½d¦c½h  8~h
ûYû ì£ß5S"45<"<








 JKNPW _ @5p   f$@BjNO@ªjJRX¸`bMPJRIlT+isVaT > QMzO@ _ M _  `      E	ÕC¾UJKT > TÕ~M'isVaT > XS ^ VaT > pUJRXj _ VUIUJKT > I]M _ AVOL
@Bj]NO@BXBsisVaT > C5"JKT > j]MOTT@BjH@BjNO@BX
&(')+*-,/. 01/2435241768:9<;4=¾L/M7AB(N"C¾D3GFH8JI^9<17;P=«RJS(TPSUO/Q4VWJX/@UO/Q :V7>7_JV 	4QA[T/X
/S	O/Q	 	7OaS	J@
Y *-,J)+*-,. ¯1/249 "3G2¼9<;I^3G\K6 3(2P9H8JI^3«G1/243E3[U4\^3G=K=^9<17;4=\^3G4FH8:G3G2¯4O 	 3[U4\^3G=K=^9<17;4=
b <dcegf:hji#k[lUmni& lUm,I_lü< by{zg|J}g~~+4F<1U^ ?F<1U^`z#Jy{zg|J}g~u~3[U4\^GFH8:=^= PF<1U#xC DE" ¾ W/7.]z \^3@79<=I^3G\v 3[PP\^GFH8:=^=(C {;"D3@79<=I^3G\a  b <\l'* l)k[i#o lUm, pJeÃ< bb <7p(<eFGHnm,I\& lUm,I uþ< by{zg|J}g~~+=KIK6IPF<1U#xC /IK6IK=z /y{z |a}g~~3[U4\=I^6IaC +P4\K=znU
4 y3[U4\aC 2P3(F<3[IK3G2~.D0/, 2U# ' b <jmni[t(m¾pJe¯4i#o iJm{iG`exp/4i#t< b:7z 'g, 4 '-* #  3[U4\^GFH8:=^=   3[U4\aC ?176 UI^3G=a  b <\l'* l)k#i[o lUm, pJeÃ< bb <7p(<e¯s(pJe"nmJ pJeg< b
4 y'-zx, 3[U4\^GFH8:=K=«3GU4\K(FH8:=K=  , 2U# ':7z 'g, 4 '-* #  b <diG4i^jvnpPf:e" «pm,Ixidmk#lJe4t^vpJk^hjlUm, pJeg< b3[U4\aC 243GF<3[IK3(2 !.D0/ 4F<1/#xC D"-¾ W/v. V  3[U4\^GFH8:=^=( 3[U4\aC ?176 PIK3G=v 0n" =I^6IaC +P4\K= V  3[PP\a 4=K3G\^3@3 ;43[Z«/=^3(D3@U# =I^6IaC +P4\K= 4=K3G\^3@4 
4=K3G\^3@4C /=K3(24D3@3 \K3@79<=KIK3(\( 
þJKNPW _ @pBmE+c _ j]@ _ @S£VOLRWsVaT,JKMPI9M _  j       	ÕC
VXi@BQSJRVOL > VOIsjLRJRI]N¾!JK _ WLK@I]M7j]@BX > VBO@TM9[@j]@BLK@ST@Bj¿þT > @QM _,_ @BX,iMPIsjJRI]N _ @Bj@«I]M;j@BXV _ @JRIlaVOLRJRjVaT@Bj
$¸VPr(',XMT > VaTT > @SZvV _ @I]MOTUQMPIX,JRj@ _ @BjHVOIZ;AM _ @5$TBpªV ',
M _ @]VOA3i³LK@QMPIX,JRj]@ _  JKNPW _ @p    > JRQ > QMPIT,VOJRIX~VOI@Bj]NO@"jsJRX¸`¦MPJRITi³VaT > QMO@ _ MO  j       	ÕC; => JRX
_ WsLK@ _ @BX*WLKT,X!JRI T > @QM7j]@oJRI  JKNPW _ @pBm; =U> @MPWT@ _ LKM;MOisX*$bp'VOIj7$¡C('¾@BIWA@ _ VaT@T > @i³VaT > i _ MO[sLK@BAÂMO
isVaT > pagT > @9JRII]@ _ LKMMOisX $¡r('5VOIj$ -' T > VaTMO.i³VaT > C; =U> @HisVaT > XV _ @3`bMPJRI]@BjÁUJKT > V¼I]@BXT@Bj]ªLKMMOi]R`bMPJRI
WIsj]@ _ T > @g`bMPJRIHQMPIjJKT,JKMPI7zTC@ PAS,t0z!C@B PAS,  JRIoM _ j]@ _ TM!³IjvT > @JRIT@ _ X@BQT,JKMPIMO T > @BJ _ @BI;WA3@ _ VaT@Bj
MO[]`b@BQT,XS  @BQSVOWX,@  `      E	*p'JRXU@B\;WJKaVOLK@BIlT.TM  j     	ÕC3QMPIQ@ _ IsJRI]NJKT,X.X,JKNPIVaT,W _ @O³T > @'T@BXT.»M _
 `      E	*pQSVOI±[@MO@ _ LRVaisi@Bj±UJKT > T > @LKMMOi $bp'¾MOUVOLKNOM _ JKT > AÂJRI´ JKNPW _ @pBm; => JRX5JRLRLRWXT _ VaT@BX!T > @
VOj]aVOIT,VaNO@'MOþT > @VOLKNOM _ JKT > A¡T _ VO@ _ X,VOLYMOþI]M7j]@j]MPAVOJRIXgMO _ @Bj]@ _ M;MOT,XV _ @MzO@ _ LRVOJRj
 £    ?¥  §¥
! g 	    	  	 	
=> @¾»MPLRLKMzUJRI]NT > @SM _ @BA¯j]@BVOLRXUUJKT > T > @QMPX,TUMO VOIHVOLKNOM _ JKT > A NO@BI]@ _ VaT@Bj9 _ MPA Æ E½h.d¦c¾h  8h
 ¿È;Ì³yzÈ   ! ]{ / ü{]x$Ì"´Ì#"  ´ËZ$»x$"  ³Ê  Z   "g& S (0 $J*F'9f      v© !·O¥ lS¥
+ & B P]KB¹¤O´· #7*Î·O¹;¤l+§;OÁ· #O¹ ¤ O  /.S·O »¹s+§;O´¶(·O¢£B¥·O¢aS¥  R,#?;P¹  ,l #C7
­Bl »­ ¹7­ *B¥'· #Ã§7OP »¹°'§;O¶*·O¢aS¥ O75­BP ­ ¹7­ *S¥5· #¹s·l! »¹¼¹s· P·O­O ¹¼© O¹
O¥ S ¡¥bO¥(¬ K *  z7­BP ­~·P;? lÕ¤O¥*· #¹s· l¶*·P¹s¶(B¥(¹ ¹¤O¹´O¥ S ¡¥¦O¥¬° ¤5K (  +v;ü711O ¡ ¸·O¹




 #  f    «;£3·O¹³5¡¥bO¡7­^U Ã¶*O¹« »¶(O¹ *S¢zã]Oª H© H ¤P·O¥ ­ ¤lB¹³S¥bOª  #¥¦·O­    
     ¹¡É $O 
  z d - '*+
 # Gf     o7£½·O¹"¡¥bO¡7­) ·P¥U  # Gf     9;£¾·O¹³½¹³·O¹ab¶B¬O¶ Î ¶"¡¥¦P¡;­ P¹ ·O¹³½¥-K 
B7 ¢zRS¹³¶(
¶Î£(   g¶*O¹ *B¢zÎ]Oª v© 9v ¤l·O¥ »­ ¤S¹³B¥¦Oª +#¥b·O­    !     ¹É5$O
z d - '*+
 # Gf  	     ° »g¶*P¹ (S¢£ã]Oª v© »H75­Bl »­þ¶*·£Ã· #'·O¹³!· # »½¡¥¦OT+
yÌÌ,}  J _ XT"VOX,X,WA@.T > VaT  > VOXMPI]@X,T _ VaT,WAH
$bp' = @ _ AJRIVaT,JKMPI¿ Ä 7V 7iMPJRITüLKM;MOiMO Æ E½h½d¦c½h
8~h´j]M@BXYI]MOTYQ > VOI]NO@~T > @ > MPX,T¿N _ Vai > £T > @+VOLKNOM _ JKT > A
XTMOi³XS $bpSV 'Gf  !  => @BI!@BVOQ > LKM;MOiVOjjX VaT LK@BVOXT MPI@Ã@Bj]NO@ÃTM¾T > @gT@ _ AJRIsVaT,JKMPI7 _ @BLRVaT,JKMPI3MOQ JRIVOQT,JKMPI
$¸VPn(',® > @BI5T > JRX JRX QMPA3isLK@ST@OOT > @ _ @BLRVaT,JKMPIQMPAisLK@ST@BI]@BX,X QMPIjsJKT,JKMPI $T*r('JRX VOLKgVBZ7X¸VOLRX@OPVOIj5T > @gVOLKNOM _ JKT > A
T@ _ AJRIVaT@BXS
$bp[ 'Gf      => @BI@BJKT > @ _ VOQT,JKMPI $¸V]p' M _ $¸VPC(' UJRLRLj]@BLK@ST@¾JKT@BAX+ _ MPAT > @.T@ _ AJRIVaT,JKMPI]ªX,W][N _ Vai > MO ~
® > @BIHJKTUJRXU@BA3iTÕZO $TBp'~UJRLRLüI]MOTÃ[@¾T _ W]@VOIZ;AM _ @VOIjoT > @'VOLKNOM _ JKT > A "JRLRLT@ _ AJRIsVaT@O
$¡C('üe+M _,_ @BQT,I]@BX,XS Æ E½h.d¦c¾h  8h±@BI;WA3@ _ VaT@BXYVOLRLPi@ _ A!W]T,VaT,JKMPIX¿MO _ MMOTüIM;j]@BXüMO7iMPX*X,JK[sLK@ _ @Bj@;@BXSþ]M _
MPI]@ÃX,JRINPLK@~i@ _ A!W]T,VaT,JKMPI'MO _ M;MOTI]M;j@BXSOh +( 8 = 8+d = UJRLRL³Ij'VOLRL _ @Bj]@7@BX"YXT,V _ T,JRI]N½ _ MPAT > @ _ M;MOT IM;j]@BXB£JKT
T _ VO@ _ X@BXgVOLRLsI@BJKN > [M _ X,@ST,XSWX*JRI]NT > @i³VaT > i _ MO[³LK@BAX  > JRQ > V _ @.JRIjWQ@Bj3[Z!T > @@BjNO@"jJRX¸`bMPJRIT isVaT > QMzO@ _ 
=> WX~MPI]@" ;iMPJRIT+LKM;MOivMO Æ E½h½d¦c½h  8~hUJRLRL³³IjVOLRLi _ @BX@BIlT _ @Bj]@7@BXgJRIT > @ > MPX,T~N _ Vai > $U@S _ @Bj@;@BX
V _ @ > VOIjLK@Bj°JRI°T > @3I]@;T _ MPWIj Ä JRXQMPIO@ _ NO@BITS Æ E¾h.d¦c½h
 8hkUJRLRLQMPA3isWT@T > @3WIJR\;W]@I]M _ AVOL
M _ AHsMOT > @ _ UJRX@5JKTUUJRLRLYX@BLK@BQT½V _ [sJKT _ V _ ZoXMPLRWT,JKMPI³j]@Si@BIjsJRI]N > MT > @5QM;j]@MOT > @'QMPIQ _ @ST@'VOLKNOM _ JKT > A JRX
NO@BI]@ _ VaT@Bj
$¡r('e+MPXTMOþMPI]@¾ ;iMPJRITJKT@ _ VaT,JKMPI
$¡raV 'ühU@Bj]@ _ M;MOTþI]M7j]@~i@ _ A5WT,VaT,JKMPIXS =U> @~@BI;WA@ _ VaT,JKMPIMO³VOLRL _ @Bj@ _ M;MOTþI]M7j]@~i@ _ A5WT,VaT,JKMPIXüQMPXT,XjÉ5$O 
 ',
VOXJRIvT > @QSVOX@MO $5.M _ j@ _ @S£VOLRWVaT,JKMPI  ft
lmOn£[  => JRXÃJRXUjW]@½TMT > @¾¸VOQTÃT > VaTLKMMOi&$¡r('@BIWsA3@ _ VaT@BXgT > @
Q _ MPX*X i _ M7jWQT MO !I]M7j]@Ãj]MPAVOJRIXSlVOIj 5JRXQ > MPX@BIAV7JRAVOLRLKZ'M _ VOLRL _ WsLK@Ã@B\WJKaVOLK@BIQ@.QSLRVOX,X@BX }f   +
(üMMOi $¡C('gVOIj $ -' > VOIjLK@VOLRL _ WsLK@BXÃMO s[sW]TgMPILKZvMPIQ@OsVOIj9QSVOIH[@¾WI _ MPLRLK@BjHJRI9V3QMPIQ _ @ST@5VOLKNOM _ JKT > AH
$¡r£[ ' hUWLK@ÃT@BX,TS => @QMPXT~»M _ @BI;WA@ _ VaT,JRI]NVOLRL _ @Bj]@3I]M;j@BXTMV¾NPJKO@BIX@ST MO _ M;MOTI]M7j]@BXSlJ¸ @OVI]@BXT@BjLKMMOi
`bMPJRIMO@ _ T > @ÃisVaT > i _ MO[sLK@BAXYMOT > @i³VaT > QMO@ _ ]JRX`É5$z d - '¿M _ C3i³VaT > X UJKT > AV7JRAVOL;LK@BINOT > PÕ =U> @VOQT,JKMPIX
 > JRQ >> VO@ÃTM.[@+i@ _ »M _ A3@Bj'»M _ _ WLK@gT@BXT,X MOV.T@ _ AJRIVaT,JRIN.N _ Vai > _ @S _ JKT@ÃXZ7XT@BAVOLRL > VBO@QMPIsXT,VOIlT@M _ T
UJKT > _ @SNPV _ joTMVNPJKO@BIX,@STMO _ @Bj]@oI]M;j@BXS => @VOQT,JKMPIX"M _ T > @T@BXT"MOþVX,JRI]NPLK@ _ @Bj@sIsVOA3@BLKZ _ WLK@¾T@BXT
VOQT,JKMPIX $TBp' +$T*r(',³T > @VOjjJKT,JKMPI9MO I@S JKT@BAXVOIsjHT > @j@BLK@ST,JKMPIHMO _ @Bj]@HJKT@BAX $$¸V]p', $¸VPr(' +$¸VPn(''gMPILKZ
j]@Si@BIj¼MPI¼T > @QSW _,_ @BITX@ST'MO _ @Bj]@¼I]M;j@BXS =U> WXVOLRL _ @BLK@SaVOIT'LKM;MOisX'QSVOI«[@WI _ MPLRLK@Bj«[Z°VOI«MOiT,JRAJKS@ _
NO@BI]@ _ VaTM _ VOIjHZ;JK@BLRjHQMPIsXT,VOIlT.QMPXTUJRIHV3NO@BI]@ _ VaT@BjVOLKNOM _ JKT > AH
=U> @¾AVOJRIjJ  QSWLKTÕZJRXgT > @½j]@BLK@ST,JKMPIoMO > JRjj]@BI@Bj]NO@BXÃLRJRI7JRI]N!T > @ _ @Bj]@VOIsjT > @ _ @BX,T+N _ Vai > $¸VPC(', => JRX
JRX¾I]MOT¾Vi _ MO[³LK@BA JK T > @ > MPXT½N _ Vai > JRX¾JRAisLK@BA3@BIT@Bj[sJRjJ _ @BQT,JKMPIVOL¸c.T > @ _ "JRX@OT > @XMPW _ Q@BX½MO~JRIQMPAJRI]N
> JRjsj]@BI¾@Bj]NO@BXþA!WXT¿[@ LKM;MO@Bj5WiJRIT > @~N _ Vai > £ > JRQ > +MPWLRjA@BVOIVOjjsJKT,JKMPIVOLlQMPXT É $O '»M _ @BVOQ > JRIQMPAJRI]N
> JRjsj]@BI@BjNO@O Æ E½h.d;¦c½h  8h _ @BjWQ@BX+T > JRXgTMV!QMPIXT,VOITÃVOQTM _ i@ _g_ @Bj]@T@BXT"JKTÃAV _ 7X+V5IM;j]@.JRIlaVOLRJRj
 > JRQ > A!WX,T+[@j]@BLK@ST@Bj&$¸VPr('+VOIjHT@BXT,XUjW _ JRI]NT > @ _ WsLK@T@BXT > @ST > @ _ VOIHJRI£VOLRJRjI]M7j]@A!WXTÃ[@¾I]@SNPLK@BQT@Bj
$TBp[ ', => JRX _ @B\;WJ _ @BX½VOjjJKT,JKMPIsVOLþQMPIsXT,VOIlT¾@M _ TJRI _ @Bj]@T@BXT,JRI]N]¿[sWT.VOMPJRjX¾T > @X@BV _ Q > »M _ XMPW _ Q@BX½MO
JRIQMPAJRI]N > JRjj@BIv@Bj]NO@BXS => @QMPXTUMO h(08 = 8gd = JRX É5$z d - ',
$¡raQ'Ue+MPXT"MOQSLK@BVOIJRI]NvW]i¿~fgT.T > @@BIsjHMO T > @ _ @S _ JKT@i _ M;Q@BX*XÃT > @N _ Vai > A!WXTÃ[@QSLK@BVOI@BjW]iüsJ¸ @O³VOLRL
JRI£VOLRJRj@Bj]NO@BXgV _ @"³IVOLRLKZ3j@BLK@ST@Bj = M5T > JRX~@BIjVOLRL³I]M7j]@.j]MPAVOJRIX~VOIj _ @BLRVaT,JKMPIXgMO¿j]@BLK@ST,Va[sLK@½@Bj]NO@BX > VO@"TM
[@T _ VBO@ _ X@BjMPIQ@OJ¸ @OV¸VOQTM _ É5$Omz'ÃJRX"VOjsj]@BjH > JRQ > j]M@BX.I]MOT.JRIQ _ @BVOX@5T > @TMOT,VOL QMPXTS
"@BLK@ST@Bj°IM;j]@BX
AVBZ9@BJKT > @ _ [@5NPV _ [sVaNO@3QMPLRLK@BQT@Bj«M _ j]@BVOLRLKM;QSVaT@Bj«UJKT > VOI°VOjjJKT,JKMPIVOLLRJRI@BV _ LKMMOiMO@ _ VOLRLQM _,_ @BXiMPIjJRIN
I]M7j]@j]MPAVOJRIXS
$ -'¿e+MPXTMO; 7iMPJRIlTS Ä  <f  ! S@BVOQ > _ MPWIj½MO7Vg 7iMPJRIT _ WLK@ AVBZ½VOjj¾MPI]@@BjNO@ TMT > @ T@ _ AJRIVaT,JKMPI7
X,W[N _ Vai >  => WXÃT > @VOjjJKT,JKMPIVOL¿ ;iMPJRITÃQMPXT
É5$O  '+A5WsXTg[@VOjsj]@Bj
M _ VX*W][T _ VOQT,JKO@oN _ Vai > _ @S _ JKT@vXZ;X,T@BA QMPIX,JRXT,JRI]NMO"MPI]@X,T _ VaT,WAÀ+@j]M°I]MOT!I]@S@Bj´TMi@ _ M _ A V




M _ V@Bj]NO@ªVOjsjJKT,JKO@!N _ Vai > _ @S _ JKT@!XZ7XT@BA  > JRQ > JRX½I]MPI7 _ @BQSW _ X,JKO@OQMPIX,JRXT,X.MO MPI]@!XT _ VaT,WsAH³VOIsjVOLRL
_ WsLK@BXU¸VOLRLYJRITMMPI]@@B\;WJKaVOLK@BIQ@5QSLRVOX*X s³+@!V _ @'VOLRXMvVa[sLK@5TM _ @BVOQ > T > @ ;iMPJRITUJRI9MPI@'JKT@ _ VaT,JKMPI = MT > JRX
@BIj3~@ > VBO@TMM _ j]@ _ T > @ _ WsLK@ÃT@BXT,XJRIT > @ULKMMOi³X:$¡C('YVOIj)$ -'þVOLKMPI]NT > @j@Si@BIsj]@BIQSJK@BX MOT > @h E5 => JRXJRX
VOLKgVBZ7XÃiMPX,X,JK[sLK@.JK¿T > @½h EJRX+T _ @S@ªLRJO@5$MPI]@½I]MPI7ªQZ7QSLRJRQ.X,T _ VaT,WA*' VOIjT > @ _ @½JRX~MPIsLKZ3MPI]@ _ WLK@.@B\WJKaVOLK@BIQ@
QSLRVOX,X$T > @BI9VOLRL _ WLK@BXQSVOI9[@½MzO@ _ LRVaii@Bj ', =U> @BIv~@UJRLRL³IjoVOLRL _ @Bj]@7@BXUJRIoMPI]@JKT@ _ VaT,JKMPI
Ä þT > @N _ Vai > _ @S _ JKT@XZ7XT@BA JRXXT _ VaT,JÎ³Va[³LK@O³JKT,XUQMPX,TUJRXÃT > @X*WA MO T > @QMPXTUMO VOLRLüX,T _ VaT,V7
®°@V _ @9Va[sLK@oTM¼WX,@oT > @oM _ j]@ _ VOLKNOM _ JKT > A M _ N _ Vai > _ @S _ JKT@HXZ;X,T@BAX![@BQSVOWX@o+@HWX@oVOIºJRI£V _ JRVOIlT
@BA5[@BjjJRI]N¾þ+@½AM;jsJK»Z3JKT@BAX~MPIsLKZJRIT > @¾QMPIlT@7TÃMOüT > @.T@BXT@BjHVOIsjVOjj@BjIM;j]@BXB;VOIjT,V O@Xi@BQSJRVOLQSV _ @
MOÃT > @j]@BLK@ST,JKMPI MO > JRjj]@BI°@BjNO@BXSof"LRLKMzUJRI]NNO@BI]@ _ VOL~@BA'[@BjjsJRI]N  $"VaN  am+QMPA3i³LRJRQSVaT@BX'T > @ _ WLK@3T@BX,T5VOIj
LK@BVOjX.TMvQMPIlT@7TbªX@BIX*JKT,JKO@X@BV _ Q > jsW _ JRI]N _ WLK@'Vaii³LRJRQSVaT,JKMPI =U> JRX@BILRV _ NO@BX½T > @'QMPXT.M _ T > @@SaVOLRWVaT,JKMPIMO
VN _ Vai > _ @S _ JKT@XZ7XT@BA X,JKNPIJÎQSVOIlT,LKZO
 £       ¾©ª 
  ª§+¨G¥¬ 




	 "!#	$ > VOXM _ j@ _ pa Ä T'JRX5V9I]MPI7 _ @BQSW _ X,JKO@Â$5a  @BQSVOWX@vJKT'QMPIT,VOJRIX5MPI]@XT _ VaT,WA9
VOjjsXYMPIsLKZMPI]@g@Bj]NO@OlVOIsj > VOXYMPIsLKZMPI]@gisVaT > JRI!JKT,XLK@S»Tb > VOIjX,JRj]@OOT > @ Æ E½h½d¦c½h
8~hºVOLKNOM _ JKT > A QMPLRLRVaisX@BX
TM¾V½X,JRA3i³LK@~I]@BXT@Bj!LKM;MOiMO@ _ [sLKM7Q 7XSlX,T,VaT@BA3@BIT,XþVOIsj'i _ M;Q@BjsW _ @BX#$¸þJKNPW _ @¾p', f.QSQM _ jJRIN.TM½T > @g@SaVOLRWVaT,JKMPI
T > @SM _ @BAÈÉ5$Ë ®°¾±¾²Ëz  '90 É5$Ë ®°¾±¾²Ë{Ë ³´+±² µ5Ë{Ë<¶+·+¸¾·Ë{Ë ¹º» °Ë '~MPWLRj _ @BX,WLKTS;"M+@SO@ _ [@BQSVOWsX@@7i _ @BX,X*JKMPIXUV _ @
isV _ T,JKT,JKMPI]@BjH[;Zvi _ M7Q@BjW _ @BXS7[sLKM7Q 7XSsVOIsjHXT,VaT@BA3@BIT,XS+@ > VO@ÊÉ $Ë ¹º» °Ë ',
	  5«?/! $ > VOX!M _ j]@ _ C;+[@BQSVOWX@v[MOT > _ WLK@BXLK@STb > VOIjºX*JRj]@BXQMPIlT,VOJRI²Tª+M _ M;MOT,XS Ä T
JRX _ @BQSW _ X,JKO@O$f¯T > @SM _ @BA JRI  ft
lmOn£[ "X > MUX3T > VaT3[@BQSVOWX@o+@9j]@BVOLÃ"JKT > @;i _ @BX,X,JKMPIÁT _ @S@BX3T > @o ;iMPJRIT
QMPAisW]T,VaT,JKMPIQSVOI9[@'VOMPJRj]@Bj  @BQSVOWX,@    ·oVOIj   ?·vV _ @pÑp _ @BLRVaT,JKMPIXSmPm0kpVOIsjNCh0  > MPLRj =U> WX
M _ 
	  5«?/! $«T > @9QMPXTÂÉ5$Ë ¹º» °Ë  z  ' _ @BX*WLKT,XS "M+@SO@ _ tzoJRX > @ _ @HA!WQ > X*AVOLRLK@ _ T > VOI
Ë ¹º» °ËP[@BQSVOWX,@.T > @ _ @BLRVaT,JKMPI   isV _ T,JKT,JKMPIsX ¹º» °s Ä ü+@I]@SNPLK@BQTT > @BJ _ QSV _ jJRIVOLRJKTªZO Æ E½h.d¦c¾h  8h _ @BX,WLKT,X
JRIHV\WVOj _ VaT,JRQVOLKNOM _ JKT > A JRIoT > @I;WA5[@ _ MOþ@7i _ @BX*X,JKMPIXS
 `  Ç$ "!^ > VOX'M _ j]@ _ pa [@BQSVOWX@³´±² µ¼JRX!T > @vMPILKZ _ MMOTI]M7j]@vj]MPAVOJRI MO"VOLRL _ WLK@BXS  @BQSVOWX@
JKT3JRX _ @BQSW _ X,JKO@O+@ > VO@oTM¼VaiisLKZ¼ ;iMPJRIT!QMPAisW]T,VaT,JKMPI  @BQSVOWX@KPY0 CJ?C'0 C;~~@ > VBO@HQMPA3i³LK@7JKTÕZ
É5$Ëe"³´±¾²-µEJ ¹º» ° 	´ %½½jË  z  ',®°@QSVOI±WX@Vo[³JKTbO@BQTM __ @Si _ @BX@BIT,VaT,JKMPI »M _ T > @ _ @BLRVaT,JKMPIXBþ > JRQ > _ @BX,WLKT,X
JRI´T > @oXT,VOIsjV _ j _ MPWIj] _ MO[sJRI´JKT@ _ VaT,JKMPIÁM _ jVaT,V£4"sMz¯VOIVOLKZ7X,JRXS  @BQSVOWX,@H[sJKTbO@BQTM _ WsIJKMPI£JRIT@ _ X@BQT,JKMPI
> VOXgLRJRI]@BV _ @M _ TgJRIT > @½I;WA5[@ _ MO¿@;i _ @BX,X,JKMPIXB;V5QMPIQ _ @ST@¾VOLKNOM _ JKT > A > VOX~QMPXT É5$Ë ³´±¾²-µ5Ë  Ë ¹º» ° 	¾´ %½½Ëq
Ë ³´+±²-µË{Ë ¹º» ° 	¾´ %¾½E½Ë 'Q0 É5$Ë ³´±² µ5Ë  Ë ¹º» ° 	´ %½½Ë  ', => JRX _ MPW]N > @BXT,JRAVaT@QSVOI[@½JRA3i _ MzO@Bj[Z3T,V 7JRI]NT > @
LKM;MOiI]@BX,T,JRI]NMO T > @QMPIT _ MPLÎ4"sMN _ Vai > JRIlTMVOQSQMPWsIlT  U@BQ    
 `      E	JRXI]MPI7 _ @BQSW _ X,JKO@OU[@BQSVOWX@JKToj]M@BXI]MOTvQ _ @BVaT@¼I]@S _ @Bj]@7@BX»M _ JKT,X@BLK¦f.QSQM _ jJRIN TM
T > @QMPXT»M _ A5WsLRV¼JKT > VOXQMPAisLK@7JKTÕZ É $Ë ³´±¾²-µË  z ',U[@BQSVOWsX@ i0 pJ Pc0ÀrJ?C 0Àr; => @BI 	?±-¸ » ?·  ½;
¶+·+¸¾·½ !  º ·³VOIj  !    E½ ·  °V _ @vpÑp _ @BLRVaT,JKMPIXS¾f.LRXM@7i _ @BX*X,JKMPIXUV _ @'isV _ T,JKT,JKMPI]@BjMO@ _ T > @5[sLKM;Q;XBJ¸ @O
+@I]@S@BjoTM3LKM;MOioMPILKZMPIQ@¾MO@ _ VOLRL@;i _ @BX,X,JKMPIXgMOþV!i _ M7Q@BjW _ @O =U> WX+T > @¾NO@BI@ _ VaT@BjHVOLKNOM _ JKT > A > VOXÃQMPXT
É5$Ë ¹º» °Ë{Ë ¹º» ° 	´ %¾½E½¾Ë ',
=U> @M _ j@ _ MOVHN _ Vai > _ @S _ JKT@XZ7XT@BA _ @BLRJK@BX'MPI«T > @jJ _ @BQT,JKMPIX'MOÃT > @ _ @BLRVaT,JKMPIX5JRI«T > @jVaT,V9AM;j@BL¸
e > MMPX,JRIN5jJ @ _ @BIT+jsJ _ @BQT,JKMPIXgAVZ _ @BX,WLKT+JRIvV'jJ @ _ @BIT~M _ j]@ _  Ä ~@ _ @Si _ @BX,@BIlTgVOLRL _ @BLRVaT,JKMPIX+UJKT > [sJRjJ _ @BQ
T,JKMPIVOL N _ Vai > XST > @M _ j]@ _ JRXVOLKgVBZ7XT > @3AV7JRAVOL IWA5[@ _ MO+I]MPI]ªQMPII]@BQT@Bj¼QMPAiMPI@BIlT,X¾JRI°VoLK@STb > VOIj
X,JRj@O[@BQSVOWX@¾[sJRjJ _ @BQT,JKMPIVOL¿N _ Vai > XÃj]MI]MOT > VBO@ _ MMOT,XS
f.LRL @ > VOWXT,JKO@N _ Vai > _ @S _ JKT@XZ7XT@BAX.QSVOI[@5XMPLKO@Bj¼[ZHM _ j]@ _ @S£VOLRWVaT,JKMPI¿5]M _ QMPIO@ _ NO@BITXZ7XT@BAX
JKTgj]@BLRJKO@ _ XgT > @.WIJR\;W]@"IM _ AVOLs»M _ A9þM _ IMPI7ªj]@ST@ _ AJRIJRXT,JRQUX,Z;XT@BAX~JKTgj]@BLRJKO@ _ XgV5QM _,_ @BQTS][sWT~V _ [sJKT _ V _ JRLKZ
X@BLK@BQT@Bj _ @BX*WLKTS => WsXÃ~@5V _ @'Va[³LK@'I]MOT"MPILKZvTMXi@BQSJKZvVOIsVOLKZ;X,JRX.VOIj9T _ VOIXM _ AVaT,JKMPIWIJKM _ ALKZO][³W]TUVOLRXM
@7@BQSW]T@T > @Xi@BQSJÎ³QSVaT,JKMPIXUUJKT > V3WIsJK»M _ A @7@BQSW]T,JKMPIA3@BQ > VOIJRX,AH
 £  	Ê©«ª 
  ª§+¨G¥¬ Ä¨G§ ¥§   ¾§j¥  
 @BQSVOWX@"V¾QMPIlO@ _ NO@BIT _ @S _ JKT@XZ7XT@BAZ7JK@BLRjX WIJR\;W]@ÃI]M _ AVOLlM _ AXSOVOI@S£VOLRWsVaT,JKMPIVOLKNOM _ JKT > A JRX VOLRLKM+@Bj3TM




XZ7XT@BAXSs[sWTUVOLRXMM _   	   eE =   m£[ Ä IH¸VOQTS[@BQSVOWsX@T@ _ AJRIVaT,JKMPI9JRX"NPWV _ VOIT@S@BjVOIj9VOLRLþjJ _ @BQT
j]@ _ JK£VaT,JKMPIXQSVOI±[@vJRIlT@ _ Q > VOI]NO@Bj~T > @@S£VOLRWVaT,JKMPIÁA@ST > M7jXM _ T > @vLRVaTT@ _ QSVOI±[@vWX@Bj M _ T > @M _ A3@ _ 
=> WX'T > @X,T _ VaT,JÎ³QSVaT,JKMPIÁT > @SM _ Z°MOT > JRX'isVai@ _ LRVZ;X5T > @»MPWsIjVaT,JKMPI T > VaT5VOLRL  E	  A@ST > M;jsXQSVOI±[@
WX,@Bjo»M _ 5VOIjHXT _ VaT,JÎVa[sLK@N _ Vai > _ @S _ JKT@XZ7XT@BAXS
$.WA@ _ MPWX   E	  @S£VOLRWVaT,JKMPI VOLKNOM _ JKT > AX > VBO@[@S@BI«j]@SO@BLKMOi@Bj => @¸WIjVOA@BIlT,VOLþA3@ST > M7jX¾V _ @
[MOTTMPAªWi $M _ gV _ j7ªQ > VOJRIJRI]N]]@ > VOWXT,JKO@ 'VOIsjvTMOi]ªj]M"I@SaVOLRWVaT,JKMPI&$[sVOQ ;+V _ j7ªQ > VOJRIsJRI]N-', => @"M _ A3@ _
QMPAisW]T@BX3VOLRLX,MPLRW]T,JKMPIX3VaT3MPIsQ@O+T > @HLRVaT@ _ +M _ ;XJRIQ _ @BA3@BIT,VOLRLKZÁVOIjÁQMPA3i³W]T@BXMPILKZ±MPI]@HXMPLRW]T,JKMPI¿ Ä I
N _ Vai > _ @S _ JKT,JRINT > @3TMOi]ªj]MzUI@S£VOLRWsVaT,JKMPI QM _,_ @BXiMPIjX.TMHT@BXT,JRI]N9 > @ST > @ _ VoX,JRINPLK@3N _ Vai > @Bj]NO@QSVOI°[@
j]@ _ JKO@Bj  MOTTMPA3ªW]i9@SaVOLRWVaT,JKMPIQM _,_ @BX,iMPIsjXÃTMT > @QMPIXT _ WsQT,JKMPI9MOVOLRLþj]@ _ JKaVa[sLK@X,W][sN _ Vai > XVOIsjo@Bj]NO@BXS
J¸ @OTM _ @BjWQ@'TMoVI]M _ AVOL¿M _ A9  @BQSVOWX@!~@ > VO@WX@BjT > JRX"X,T _ VaT@SNOZ9T > _ MPW]N > MPW]T.T > @5isVai@ _ T > @5M _ j]@ _
VOLKNOM _ JKT > A JRXÃV!»M _ +V _ j]ªQ > VOJRIJRIN!VOLKNOM _ JKT > AH "M+@SO@ _ sj@Si@BIsjJRI]N5MPIvT > @¾QMPIlT@7TMOYV!Xi@BQSJÎ³QSVaT,JKMPIH@BVOQ >
@SaVOLRWVaT,JKMPIA3@ST > M7j > VOXJKT,X"VOj]£VOIT,VaNO@BX.JRIo@! QSJK@BIQZO
c _ j]@ _ @S£VOLRWsVaT,JKMPI3+M _ ;XÃ¹³O »¢alJ¸ @O _ @BQMPIX,JRj]@ _ X MPLRj _ @Bj]@;@BXJRIV¾I@S _ MPWIj'MOsT > @g ;iMPJRITþLKM;MOiVaNPVOJRI
=> JRX+QSVOI[@.@BVOX,JRLKZJRAi _ MO@Bj[;ZVaiisLKZ7JRI]NSB­5 ¦¹sO ¢£B¢zÎ]O¡ ¸·O¹] > JRQ > JRX ;I]MzUI _ MPA  E	   => JRX
A@ST > M;jQMPIX,JRj]@ _ X"MPIsLKZ9I]@SisV _ T,X"MO T > @!jVaT,Va[sVOX@JRIVI]@S _ MPWIsjs[;Z9A3@BAM _ JKBJRI]N3 > JRQ > isV _ T,X"MO T > @
jVaT,Va[³VOX@oV _ @oI]@S => @vA3@BAMPJKBVaT,JKMPI±QSVOI±[@vj]MPI]@vJRI±jsJ  @ _ @BIT!+VZ;XB @O N] [Z¼+M _ 7LRJRXT,X!MO _ @Bj]@;@BX5M _
AV _ ;JRINMOþI]M7j]@BXS
  @ _ Z²i _ MPAJRI]@BITJRI   	  V _ @VOLRXM´T,Va[sLRJRI]N´A3@ST > M7jX+$  & `; ¥S·Î;¡ ¸·O¹] 
BB¥(¬ª  
]B¥(¬´S¢£B
Î]O¡ ·P¹-',"[@BQSVOWX,@T > @SZ _ @BWX@isV _ T,JRVOL.XMPLRW]T,JKMPIXvTM´QSW]Tvj]M"I$T > @X@BV _ Q > XisVOQ@  eE =   m£[f"LRXM _ WLK@
T _ VOIsX»M _ AJRI]N°X,Q > @BA3@BX3X*WQ > VOX­!z¤O ¸¶oBS¡¥bO¹7 #·P¥(­O¡ ¸·O¹ÁQSVOIÁ[@HVaiisLRJK@Bj´TM«T > @ _ WLK@BXS =U> JRX > VOXT > @
@@BQTSüT > VaT¾T,WisLK@BX½V _ @i _ @ªX@BLK@BQT@Bj¼ _ MPA T > @!jsVaT,Va[sVOX@[@S»M _ @"`bMPJRIX½V _ @i@ _ M _ A3@Bj¿ Ä IMPW _ QSVOX@3JKT¾QM _ 
_ @BX,iMPIsjXTMvIV _,_ MzUJRI]Nvj]M"I9T > @!I]M7j]@'jMPAVOJRIXUMO T > @ > MPXTUN _ Vai > " JRIVOLRLKZO  	  jVaT,Va[sVOX@BX.UJKT >
Xi@BQSJRVOLM _ AX $¸VOQZ;QSLRJRQ _ @BLRVaT,JKMPIX!'gV _ @VOLRXM@! QSJK@BIlT,LKZo@7@BQSW]T,Va[sLK@$¶*·O7¹¡ ¹¤­3S7· ',
=U> @¼AVOJRIi _ @ _ @B\WJRX*JKT@BXo»M _ VOLRLT > @BX@°T@BQ > IJR\W@BXHV _ @°T@ _ AJRIVaT,JKMPIVOIj¨JRIT@ _ Q > VOI]NO@BVa[sJRLRJKTªZ MO _ WLK@
Vaii³LRJRQSVaT,JKMPIXS => WXÃ+@X > MPWLRjH[@Va[³LK@TMWX,@VOLRLMO T > @BA M _ X,T _ VaT,JÎ³Va[sLK@'N _ Vai > _ @S _ JKT@XZ7XT@BAXB+c _ j]@ _
@SaVOLRWVaT,JKMPIÁ+M _ 7X![@BX,T5JKT > @ > MPXT!N _ Vai > X5V _ @oXisV _ X,@ ~MOT > @ _ UJRX@oV   	  @SaVOLRWVaT,JKMPIºA@ST > M;j±AVZ
[@A3M _ @!VaiT¾VOIjA3M _ @'@! QSJK@BITS UMz~@SO@ _ YT > JRX _ @SO@BVOLRXVOIMOT > @ _ XT _ @BI]NOT > MO~MPW _ Xi@BQSJÎ³QSVaT,JKMPI°A@ST > M;j5
VOI°MOisT,JRAJKS@ _ NO@BI]@ _ VaTM _ QSVOI°[@JRIXT _ WQT@Bj°TM9WX,@3VOI]MOT > @ _ @SaVOLRWVaT,JKMPI±VOLKNOM _ JKT > A"JKT > MPW]TQ > VOI]NPJRI]NHT > @
Xi@BQSJÎ³QSVaT,JKMPIVaTUVOLRL¸
 #$%þ  95,- 
=> @LRVOXToX@BQT,JKMPI JRXj@BjJRQSVaT@BjTM´i _ VOQT,JRQSVOL½@7i@ _ JK@BIQ@BXUJKT > T > @°Xi@BQSJÎ³QSVaT,JKMPI¨A3@ST > M7j Ä I$M _ j]@ _ TM
X > MT > @5£VOLRJRjJKTÕZMOT > @5Vaisi _ MPVOQ > T > @5MOisT,JRAJKS@ _ NO@BI]@ _ VaTM _ c. /2143 146 > VOX.[@S@BIJRAisLK@BA3@BIT@Bj  ft
lmOnaV
 ft
lmOnaQ c. /2143 146T,V O@BX¾N _ Vai > _ @S _ JKT@5X,Z;XT@BA Xi@BQSJÎ³QSVaT,JKMPIsX¾JRIT@7T,WVOL M _ A VOIjNO@BI]@ _ VaT@BX¾VOIM _ j]@ _
@SaVOLRWVaT,JKMPIÁi _ M;Q@BjW _ @JRI±isLRVOJRIºe.þ > JRQ > QSVOI±[@@BA'[@Bjj@Bj«JRI±QMPA3isJRLK@ _ XB =U> @TM;MPL > VOX5[@S@BI WX,@Bj«TM
NO@BI]@ _ VaT@HX@SO@ _ VOL+MOiT,JRAJKS@ _ QMPAiMPI@BIlT,XS @BXi@BQSJRVOLRLKZ±XMPA3@MOUV Å M7jWLRV£ÕCLRVaSZ QM7j]@AMOT,JKMPI±MOiT,JRAJKS@ _ 
WX*JRI]N3X@SO@ _ VOLMO T > @¾i _ @BX@BIT@Bjo@7VOAisLK@Xi@BQSJÎ³QSVaT,JKMPIXB => @¾NO@BI]@ _ VaT@BjHMOiT,JRAJKS@ _ isV _ T,Xg+M _ vMPIoT > @¾T > @
JRIT@ _ A3@BjsJRVaT@5LRVOI]NPWsVaNO@ee Å9Ä h $¶(·O­!­!·P¹;*  ­3 O 7­  »¹ªB¥(­3 O Pª¥¦§³¥BS¹O¡ ¸·O¹-'    d(YmOr
M _ e.sM _ T _ VOI7Õm7 Å M7jWLRV£ÕC;VOIjoJKT,XisV _ VOLRLK@BLüjJRVOLK@BQT Å M7jWLRV£ ^    ½mOC 
=U> @½ _ XTÃJRAiM _ T,VOIlTgiMPJRIlTJRXT > @X,JKS@MOþT > @Xi@BQSJÎ³QSVaT,JKMPIXB = Va[sLK@q!X > MzUXÃT > @Vaii _ M ]JRAVaT@I;WA5[@ _
MO _ WLK@BXM _ X@SO@ _ VOL+@]VOA3isLK@BXS  @BQSVOWX@oVX,i@BQSJÎQSVaT,JKMPI MO"VOI VOIVOLKZ7X,JRX > VOX'TM > VOIjLK@vVLKMOT5MOUQSVOX@BX!JKT
TÕZisJRQSVOLRLKZ$I]@S@BjX3AM _ @ _ WLK@BXT > VOIºT > VaT3MO¾V°T _ VOIXM _ AVaT,JKMPI$f"LRXM]gT > @QMPIX,JRj]@ _ @Bj²VOIVOLKZ;X,@BXV _ @\WJKT@
QMPAisLK@@O N]sLRVaSZHQM;j@A3MOT,JKMPIHjVaT,V£4"³MVOIVOLKZ;X*JRXUQMPIT,VOJRIX! 5@B\;WVaT,JKMPIXZ;X,T@BAXS
f.LRXM¼T > @ _ @BLRVaT,JKMPIºMO.NO@BI]@ _ VaT@BjVOIj > VOIsj7 _ JKTT@BIÁi³V _ T3JRIÁT > @oMOiT,JRAJKS@ _ X3JRX3JRIT@ _ @BXT,JRIN]  @BQSVOWX@
c. /2143 146 XT,JRLRL > VOX¾VoLKMOT¾MO _ @BXT _ JRQT,JKMPIXSþX@SO@ _ VOLi³V _ T,X½MO~T > @5MOisT,JRAJKS@ _ QMPAiMPI@BIlT,X½V _ @ > VOIsj7 _ JKTT@BI
®°@@BXT,JRAVaT@T > VaT'UJKT > VOI±JRIjWX,T _ JRVOLÎªXT _ @BI]NOT > JRA3isLK@BA@BIlT,VaT,JKMPI«MOÃT > @NO@BI@ _ VaTM _ m	 MOVOI«MOiT,JRAJKS@ _
QMPWLRj9[@¾NO@BI]@ _ VaT@Bj½W]@TM3T > @VOQTT > VaT"Xi@BQSJÎ³QSVaT,JKMPIX"V _ @O@ _ ZoQMPAisVOQTT > @j@SO@BLKMOisA3@BITT,JRA3@¾MOVOI
MOiT,JRAJKS@ _ X > MPWLRjH[@'N _ @BVaT,LKZ _ @BjWsQ@Bj 8\;WVaT,JKMPIXZ7XT@BAX"X,WQ > VOX  j  Ç$d"!#QSVOI[@TªZ;i@BjJRIJRIV
@S > MPW _ XB f.LRXM!T > @½NO@BI]@ _ VaT@BjHMOiT,JRAJKS@ _ VOLKNOM _ JKT > AXÃQSVOIv[@"aVOLRJRjVaT@BjH\;WJKT@¾\;WJRQ 7LKZOsX,W]isiMPX,@Bj3T > VaTÃT > @
ûYû ì£ß5S"45<"<
rOC  þ© ­O¹¹
QMPA3iMPI]@BIT Vaii _ MI;WA5[@ _ MO _ WsLK@BX
@;i _ @BX,X,JKMPIo@B\;WJKaVOLK@BIQ@'QSLRVOX*X@BX r
jVaT,V£4"sMzVOIVOLKZ7X,JRX _ @BVOQ > JRINj]@³IJKT,JKMPIsX C
jVaT,V£4"sMzVOIVOLKZ7X,JRX"LRJKO@QMOisJK@BX C
jVaT,V£4"sMzVOIVOLKZ7X,JRX"LRVaSZvQM7j]@AMOT,JKMPI  
T _ VOIXM _ AVaT,JKMPIHQMOiZvi _ MOisVaNPVaT,JKMPI n
T _ VOIXM _ AVaT,JKMPIHLRVaSZoQM;j]@'A3MOT,JKMPI n























gcc -O4 sun cc -O3
 JKNPW _ @5C?ge+MPAisJRLRVaT,JKMPIHXi@S@BjoMPIoT > @'d;T,VOI]M _ jo[@BIQ > AV _ 
NO@BI]@ _ VaTM _ NO@BI]@ _ VaT@BX"QM _,_ @BQT"QM7j]@O => WXg+@@BXT,JRAVaT@T > VaTUVa[MPW]TUn	¯X,V;JRI]NPX"JRIHj]@SO@BLKMOisA@BIlTUT,JRA3@V _ @
iMPX,X,JK[³LK@O
  £(¢ hj§%¨  ¨¾ª§+¨G¥¬   
Ä IoM _ j]@ _ TM3T@BXTT > @QMPAisJRLRVaT,JKMPI9X,i@S@BjvMO T > @¾NO@BI@ _ VaT@Bj9QMPAiMPI@BIlT,XS]+@QMPAisV _ @BjvT > @ _ WsIlT,JRA@.MO T > @
Å M;jsWLRV£ÕCQMPAisJRLK@ _ UJKT > VOIj3"JKT > MPW]T MOiT,JRAJKBVaT,JKMPI ]M _ T > JRX~T@BXT+@UQMPA3i³JRLK@Bj3T > @¾d;T,VOI]M _ j[@BIQ > AV _ 
 _ MPA U@BI@BX,XZ9VOIj $"ZO@O _ @BX,WLKT,JRI]NvJRI JKNPW _ @C7hM $bp'j]@SisJRQT,X.T > @ _ WIT,JRA3@'UJKT > MPW]T.MOiT,JRAJKS@ _ MPILKZ
 _ MPITb@BIj°VOIj[sVOQ @BIj'hM $¡C('UVOjsjX.T > @!T,JRA3@!MOT > @!VOIVOLKZ7X,JRX¾@]Q@SiT½NPLKMO[sVOL jVaT,V£4"³M VOIVOLKZ7X,JRXVOIj
T _ VOIsX»M _ AVaT,JKMPI => JRX5VOjsjX5VOQTM _ nTM°T > @ _ WIT,JRA3@MOUT > @vQMPAisJRLK@ _ ¼hUM $¡r('VOjjJKT,JKMPIsVOLRLKZ±QMPIT,VOJRIX
T > @NPLKMO[sVOLjsVaT,V£4"sM VOIVOLKZ7X,JRX$VOQTM _ q(',HhMz $ -'½QMPIlT,VOJRIX'T > @T,JRA3@3UJKT > VOLRL NO@BI]@ _ VaT@Bj±QMPAiMPI]@BIlT,XB
=> @QMPA3i³JRLK@ _ X*LKMUX!j]MzUI Va[MPW]T'VOQTM _ m;]M _ T > @T _ VOIXM _ AVaT,JKMPI«i > VOX@T > @ _ @JRX!VOI´VOLKT@ _ IVaT,JKO@HJRA3
isLK@BA@BIlT,VaT,JKMPI±[;Z > VOIjþ > JRQ > _ @BX*WLKT,XJRI _ M $¡n(', => JRXi > VOX,@JRX'IMOT'A!WQ > VOX,T@ _ T > VOI T > @NO@BI]@ _ VaT@Bj
T _ VOIsX»M _ AVaT,JKMPIoi > VOX@OA3MPXTÃT,JRA@¾MO T > @¾MOiT,JRAJKS@ _ JRXXi@BITJRIoT > @¾NO@BI]@ _ VaT@BjVOIVOLKZ7X,JRXUQMPAiMPI]@BIlT,XB
Ä +@¼QMPA3i³V _ @T > JRXvTMÁNPQSQ¦c $¡q('VOIjX,WI7ªQSQ¦c¾r7$   ', _ WsIIJRI]N MPI¨VOI@B\WJKaVOLK@BITe i _ MON _ VOA9
T > @SZ¼V _ @A!WQ > VOXT@ _  > JRLK@i@ _ »M _ AJRI]NoA3M _ @MOiT,JRAJKBVaT,JKMPIXB'$U@SO@ _ T > @BLK@BX,XSM _ VOI¼MOisT,JRAJKS@ _ UJKT > NO@
I]@ _ VaT@Bj¼isV _ T,XT > @ _ @BX*WLKT,XV _ @\WJKT@@BIQMPW _ VaNPJRIN] => @LRVaSZ¼QM;j@A3MOT,JKMPI«MOiT,JRAJKS@ _ i@ _ M _ AX¾V _ VaT > @ _
QMPAisW]T,VaT,JKMPI7ªJRIT@BIX,JKO@MOiT,JRAJKBVaT,JKMPI55JKTQMPAisW]T@BXX,Z;IT,VOQT,JRQSVOL+@;i _ @BX,X,JKMPI¼@B\;WJKaVOLK@BIQ@VOIsj 9jVaT,V£4"³M
@B\;WVaT,JKMPI9 ;iMPJRIT,XS
  £       ¥
  
#   ¨(¥¬  j¨G©ª 
¬  
f"iisV _ @BIT,LKZ´T > @HMOiT,JRAJKS@ _ Xi@BIT,X3V¼LKMOT3MO½T,JRA3@HJRIºi _ MON _ VOA VOIVOLKZ;X*JRXS => JRXJRXjW]@vTM T > @o@;i _ @BX,X,JKMPI
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Compilation time in relation to number of expressions
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